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AIRCRAFT OF TODAY 
PHASE I - FROM GOONEY BIRD TO GALAXY ' 

This phase provides a historical approach to the field 
of military air transport, from the Douglas DC-3 or . 
C-47 down to today's nammoth Lockheed C-5 Galcixy, Through 
this means, an attempt is made to arouse student interest 
in the values of functipnal aircraft design. Various 
aircraft are described and the functions and roles of 
each discussed in some detail. The concept of functional 
design is reinforced in the new revision by addition of 
a section on "performance and trade-offs," 

L PHASE I OBJECTIVES - Each student should: 

a. Be familiar with the history of the C-47 and its 
advantages for transport duty, 

b. Know in terms of pay load, perfoijmance , and special 
uses some of the current militai'y transports, 

c. Understand the principle of "pay load" as it applies 
to military and commercial aircraft, 

2, BEHAVIORAL OBJECTIVES - Each student .should be able to: 

a^ Identify at least three characteristics which made 
the C-47 an effective transport during its lon'g 
history of ser<rice« 



h,' Compare the payloads of at least four modern military 
transport aircraft with the C-47, 

c. , Explain the civilian and military definition of the 
ter^ "pay load, " 

3/ TEXTBOOK OUTLINE: 

a. The C-47 Gooney Bird 

(1) First intact as airliner 

(2) Career, as military transport 

(a) During vivi 11 

(b) Varied uses in modern times 

(3) Characteristics 

b« Postwar military air transport 
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(1) Some interim design^ 

(a) C-119 Flyin$\^xcar 

(b) C*124 Globemaeter 
(c> C-133 Cargomaster 

(d) CL-44 

(e) Guppy serie^ 

(f) C-123 Provider 

(g) C-130 Hercules 

(2) The Big Jets of/ the Military Airlift Command 

(a) C-135 Str^tolifter 

(b) C-141 Staylifter <^ 

(c) C-5A Galaxy 

c. PerlEormance and "trade offs" 

(1) In aircraft design 

(2) In flight planning 

d. Definition .of "paylpad" ^ 

(1) Commercial ' 

(2) General aviation 

(3) Military 

ORIENTATION: 

a. Your first few classes are probably the roost important . 
student contact periods of* all your years of teaching 

, Aerospace Education. A dynamic, highly-motivational 
beginning is a mtast if you want to* avoi4 losing student 
interest. The students' first impressions of the course 
and particularly of you as instructor and real^life 
person hang on the slender thread of what you say and . 
what you do these first few hours. Sa treat each 
student as a partner in this serious business of 
cooperative learning. Let feach youngster in yotxr 
class know that you have a sincere interest in his 
success and in his personal and social needs anc^ take 
the time to let him know what the course is all about/ 
what he will see, and what will be expected of him;. 
It may be worth your while to spend your first class 
period in a motivationatl discussion that will answer 
the students' questions, put th^m at ease with you, 
and develop feeling within each student's mind that 
he picked a winner when he signed up for Aerospace 
Education. 

b. You may wonder why thig unit begins by talking about 

a specific aircraft type instead of more basic concepts^ 



such as the principles of flight and basic aircraft parts 
{the subjects of Phases II and III). Writers since 
ancient times have felt that the best way to begin a 
story or play is in medias res- -"in the middle of 
things"--then go back and explain, if necessary, what 
tookplace Earlier ' The same principle can apply to 
a course of instruction^ Students, like audiences 
prefer to be "drawn in'* to a subject. Before Chapter I 
ends, the student^hould be drawn from the, specif ics of 
transport airplanes to more basic concept^--f unctional 
design, "trade-of fs'\ to achieve functional design, and 
payload. Perhaps this will make him more receptive to 
the still more basic concepts of the phases that follow. 

5. SUGGESTED KEY POINTS: 

a. Since the inid|l930's the Douglas DC-3 
Skytrain or C-47 Gooney Bird has had 
^ career of dependable service down to 
tlie present day. 

*(J-77) pp 396-403 (1) The earliest commercial DC-3s 

***{J-78) entire book carried 21 passengers and cruised 

at 170 mph. They were the ultimate 
in size, speed, and luxury for their 
^ day. More than any other single 

model of conunercial airplane, they 
revolutionized aviation by getting 
^ the traveling public accustomed 

to air travel. 
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(2) As the C-47, the airplan^ ,also made 
history as a military transport in 
World War II, the Berlin airlift, 
and in numerous special tasks since 
then. 

(3) Despite lack of speed and payload 
capacity, compareci to modern cargo 
airplanes, old Gooney Birds keep 
flying because of their high-lift 
characteristics (due in great 
measure to a long vingspan) / short 
takeoff abilities, and exceptional 
ruqgedness and dependability. 

*(J-11) pp 57-60 b. During and since WWII we have had a 
76-77, 81, 83, steady stream of new and. improved trans- 

88-89 , 105-109 port airplanes , in the Air Force or 

* serving Government missions. 



(1) The C-119 was the first airplane 
designed as a military cargo plane, 
not an Adaptation of a passenger 
airliner. It has a low-sl\ang 
fuselage for easier loading, unload- 
ing and parachute exit, but still has 
the disadvantage of side-door loading. 

(2) Giant reciprocating-engine and turbo- 
prop-transports include the C-124 
Globemaster, C-133 Cargomaster , CL-44 
(Canadian) , and the Guppy series 
flying missiles and boosters for 
NASA. All feature not only great 
interior volume but also large special 
door designs such as clamshell (C-124) , 
rear ramp (C-133), swing tail (CL-44 
and "Pregnant Guppy"), and swing 

nose ("Super Guppy"). 

(3) ' Medium-sized transports capable 

of negotiating short, rough landing 
fielde and also equipped with rear- 
\ ramp loading are highly useful as 
tactical transports, serving the 
Army* in "and near battle^^tzones . The 
C*-123 Provider has seen much service 
^ in Vietnam as has the larger C-130 
Hercules. These can unload by 
parachute extraction without landing. 
I'he C-130E, with extra fuel capacity, 
'has long-distance capability. 

S^ithin the past decade, overseas US 
military ^^aixlift, the mission of the 
Military Airlift Command, has been almost 
completely converted to lar^e. jet aircraft. 

(1) The C-135 Stratolifter, patterned 
after the ^.cpmm^rciaL Boeing 707, 
served as interim general airlifter 
and still serves ^in special* jobs 
such as the KC-135 tanker and the 
EC- 135 command ship. 

^ (2) The C-141 Starlifter has become 
the backbone of the MAC gjbbal 
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airlift fleet. It is a 500 
mph turbofan with a low-slung ' 
re^-loading fuselage like that 
of tthe C-130, ^ 

(3) Newest and largest US milita3?y"^ — 
airlifter, largest airplaiyein 
the world, is the Lockheed C-5 
Galaxy, which weighs 728,000 
' pounds fully loaded and can 
carry 265,000 pounds. a distance 
of 2,875 miles or 100,000 pounds 
over 6,325 miles. Teaming with 
,the C-141, a fleet of C-5s 
could airlift a whole army 
division to any point on Uje 
globe in a few days* ^ime. The 
C-5 -is a 500 mph jet with both 
front and rear loading ramps, 

*{J-13) pp 82-113 d. What should be'obvious from the ' 

^descriptions of different transport 
aircraft is that itnprovements in 
aircraft' design can only be "improve- 
ments" for a given. purpose and are 
often achieved at the expense of 
reducing some other capa^Dility — 
such' as sacrificing speed for 
payload capacity or^vice versa. 
This is the principle\of the "trade- 
off" (familiar to all fields of design 
engineering as well as aviation) • 

*(J-13) pp 82-88 e, A definition of "payload" (boxed on 
*(J-89) pp 48-50 page 17 of the textbook) in ^ both. 

commercial, general aviation,' and 
* military aviation, is desirable for 

understanding of other principles 
discussed in this chapter. 

6, SUG15ESTI0NS FOR TEACHING: \ ' 

Suggested time 
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Number of Academic Recommended Nuinber of Periods 

Periods per Week for This Phase ' 





1 
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4 
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b» Pictures and models to stimulate, interest and questions 
i^' should be availarble. A model b\?ilding project is . 

another way of beginning with a high level of interest. 
It is best to start^ this project a week ahead of tim^ 
and end it on the day you start the phase. Whatever 
the method of showing the class-a given aircraft type — 
^dels, slides, or flat pictures — an old-fashioned 
session on aircraft recognition might be 'diverting. 
Flash the image before the class briefly to see who\^n - 
be first to identify the aircraft. But remember that^ 
aircraft recognition alone is .of little value in terms, 
of the purposes of this -unit. When a student can 
quickly distinguish between, for exeunple, a C-119 and 
a C-123,. then it is time to be aure that he. knows the 
' reasons why a C-123 looks differenj: f rom^ a C-119. An 
insight into the. principles of functional design iS . 
provided in such' a way. 

« 

• c. Comparison of large transport aircraft payloads with 
those of surface transportation wiil be constructive. 
Ships, trains, trucks, and river barges still move more 
goods cheaper, but airlift grows steadily more competitive, 

d. The Concept of functional design and the "trade offs" 
by which one capability is reduced for the sake of 
i improving another is introduced here, but the student 
is nat ready for technicalitiei^yet. Latet oft he will 
learn, for example, that aspecipratio, camber, and 
sweepback of wings ar^ relate^to the problem df spee.d* 
versus lift. Here he need only be genieirally aware that 
there is a conflict in speed versus lift or speed versus 
shorter takeoff * capability . 
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e. Student assignment:- Read pages 

IfiSTRUCTlONAL AIDS; ' ' • 

a. SLIDES: . 

(1) SVA-20 Evolution in Air}.ift, C-5A' 

(2) SVA-22 USAF Aircraft 

b. FILMS: * • 

(1) FR 764 Impact of, the C-5A on liogistics^ 22 min.," 
• B&W, 1967 • . 

(2) SFP 1768 C-5 Galaxy, 28 miny Color, 1969 

(3) SFP 1797 The Indispensablesi J(C-135 Air Refueling, 
24 min.. Color, 1'9J0' • ' , 

(4) . TF 6350 C-47 Armed. Transport, "20 min.. Color, 1970. 

c. Mrcraft models such as plastic mgdels. by Revel. 

d. Pictures and charts of .aircraft," trains, trucks, and 
ships showing load carrying capacity. ^ 

PROJECTS: . • • 

Model aircraft btiilding contest. Pictures and^aircraft 
models for room disRl-ay, • 

FURTHER READING: ' , ^ ' ' ^ 

a. Taylor, John W.R. (Ed. ^ Jane's All the World's 
Aircraftf 1971-72 ^ New York:^ McGraw-Hxll, 1971 ' ^ 
(or latest available edition; back numbers also 
useful for descriptions of older than currently 
manufactured aircraft) . • 

b. GlinesV Carrpll V.; and Mosely, VJendell F. The DC- 3, 
The Story of a Fabulous Airplane . New York: J. B. . 
Lippincott Co. 1965, 

c. Check your school and community libraries. 




PHA$E II - SOME BASIC PRINCIPLES OF FLIGHT 

This phase introduces siir^Jle, nontechnical aerodynamic 
principles related to -flight and 'demonstrates how these 
principles relate to the functional design of aircraft. 
In the current revision, the discussion advances into 
certain aircraft performance factors and what they mean, 
introducing, such concepts as cruising speed and service 
' ceiling, and the special terminology applying to supersonic 
flight. 

1. PHASE II OBJECTIVES - Each student should: 

' a. Know four forces that act upon an aircraft moving 
through the air. 

b. Be familiar with the parts of an aircraft designed to 
* react against air. 

Be familiar with some of the principles of streamlining. 



c. 



d. Know the meaning of 'Imaximum cruising speed" and 
"service ceiling." / 

2. BEHAVIORAL OBJECTIVES - Each student ilvould be able to: 

a. Define at least^^airee. forces that act upon an object 
in flight. 

b. Identify the functions of two different airfoils. 

Identify at least three different methods utilized 
in streamlining portions of a modern aircraft. 

Define the terms cruising speed and service ceiling. 



c. 



d. - 



3. TEXTBOOK OUTLINE: ^ 

a. Thrust, weight, drag, and lift ' ' . . 

(1) Thrust— any force that moves 4n object through 

^ , air or space ' . . ^ • n 

(2) Drag— any force opposing thrust, more specifically, 
air pressure in front and -partial vacuum behind 

(3) Weight— effect of gravity 

* (4) i;.i£t — upward forcQ produced by, action against 
airfoils ' 
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(5) Need for balance of the forces ^ 

(6) Relation to trade-off in aircraft design 
b. ' Airfoils and aerodynamic for-ces <- . 

(1) Wings for lift* * 

.(2) Smaller airfoils for control 

(3) All operate by Newtonian ptinciple of reaction 

(4) Airspeed related to relative wind 

(5) Lift according to Bernoulli Vs Law^ 

(6) Drag and principles of streamlining 

(a) " Essential teardrop shape 

(b) Value of eliminating external structures 

(c) - Special problems of high speed ^flight 
p"t Aircraft performance factors " • > 

'•(1) Cruising speed, 75 percent or less of available v 
horsepower 

(2) ' Ceiling and high-altitude performance 

(a) Value of high ceiling 

(b) Engine factors 

(c) Human factors (breatjiiftg equipment) 

ORIENTATION: ^ \ 

Aft^jc a first phase which 'plunges directly into a discussion 
of aircraft by types , this phase backtracks into basic 
corlcepts. It concerns the laws of aerodynamics , that apply . 
to all objects that move through tha'^air. It should be 
used only as an introduction, because this subject is 
covered in more detail in AE-II. In this context of this 
unit, however, the introduction is not so much to' a - 
further study of Aerodynamics as to a fur;bher study of 
aircraft types. Familiarity with the terminology and 
principles given here will make tlie study of aircraft 
types, both civil and military, more meaningful to the, 
student. That is. why a, ncv^ section on airetaft performance ^ 
factors has been' added. In a later chapter, for example, 
the student will learn tjiat two almost-identical general 
aviation aircraft can differ greatly in price because 
one has turbos>upercharged engines and a cabin oxygen 
system, which the other lacks. Here the meaning of high-, 
.altitude capability per se is explained. 

SUGGESTED KEY POINTS: 

a. There are four forces which act upbn 
an object moving through the air. 



To put it simply, these are four ^ 
directions — forward, backward/ up, 
and down^more technically, respectively-- 
thrust, drag, lift, and weight (or 
gravity) . v 

(1) We have deliberately chosen a 
baseball as an example rather than 

• . one with airfoil surfaces, to make 
^ the point that all objects moving 
through air are subject 'to these 
forces, not merely those design^d 
to take advantage of them.^ 

(2) The four forces compensate for eac^i 
other. It is wrong to think of ^ 
thrust and lift as aiding flight 
and drag and gravity pts opposing it* 
The four forces in balance keep an \/' 
aircifaft flying straight and 

level, at a' constant rate of speed. 

The parts of an aircraft designed to 
react against the forces of air (aero- 
dynamic fp.rces) are called airfoils — 
flat but gently curved surfaces, both 
fixed and movable / 'that provide, the > ' 

^lift,> stability, and control necessary. 

*for flight. 

(1) Airfoils work on the Newtonian 
principle that for every action 
there is an equal and opposite 
reaction. The powerful rush of 
"relative wind" is needed to react 
against an airplcine's airfoils. 
(Yet the gentle relative wind en- 
countered by kites, gliders,^ and 

.birds is also efiective. ) 

(2) Because of the importance of Under- 
standing the effect of relative wind, 
it is also important to xanderptand 
the concept o£ airspeed — the speed ^ 
of an aircraft relative to air and 
the^ direction the latter is moving, 
not relative to the ground, which 

' is groundapeed. 
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(a) Airs^reed is a measure not only 
of movement but of aerodynamic 
forces acting on an aircraft, 

(b) The Air Force prefers to measure 
airspeed in nautical miles per 

P hour or "knots," Supersonic 
speeds are calculated in mach 
numbers (see box in text, p. 24, 
for other terms related to 
supersonic flight) . 

« 

(3) Another very basic concept of 
aerodynamics is that of Bernoulli's 

. Law— the faster, the flow of a fluid, 
the lower its pressure. Wind, flows 
faster over the curved upper surface 
of a wing than- over its flat under 
surface, hence creating the ilual 
effect of vacuum from above and 
impact pressure from below, both 
producing lift. 

(4) Angle of attack is the' angle of the> 
wing With respect^ to relative wind. 
Another ^^mponent of li^ft is the 
thrust odan aircraft engine aimed 
upward* j ■ 

(5) The first torinciple of streamlining 
^ i3 that the. lefes surface an obgect 

h^s to. oppose rribvement through a 
fluid, the more easily a body mov^s. 

' J, ' . 
(a) Aerodynamic design must compromise 
between keeping forms slender 
and permitting them enough bulk 
to function as airfoils or 
carriers. The teardrop shape ^ 
is. the most basic of such com^ 
proraises* , , - • 

Jb) External structures su.ch as 

struts, landing gear, exposed 
. engines, etc. are permissible 

on light, low-performance air- 
craft but must be enclosed within 
streSmvlined pods or fairings or 
retracted entirely within the 
^ . fuselage in higher-performance 
aircraft. 

i-ii ' ■ ' 
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(c) In high speed jets, little 
things count. Rivet heads 
must be flushed; surfaces , 
highly polished; heat-resistant 
metals used. 

c. In considering descriptix)ns of aircraft , 
as presented later in this unit, certaiiti^ 
aircraft performance factors and standards 
< must be understood. Two which can be 
V explained at this point are cruising 
speed and ceiling. 

(1) Cruising speeds are those speeds 
* at which an aircraft flies with ^ 
reasonable efficiency. Maximum • 
cruising speed is that spe,ed At 
which the aircraft engine usire 
ab^ut 75, percent oJ^ availabipe " 
horsepower. 



\ 

\ 



(2) An aircraft's absolute ceiling is 

the highest altitude at whicli^it 
•\' tan fly at all. Its service ceiling 
»^ is the highest at "which it can climb 
still higher, at a rate of 100 feet 
pfer minute. Three main factors 
govern the height of an aircraft 
cfeiling. ^ 

(la) .Aeradynamic design of the 
aircraft. 

(b) Engine "type and power — since 
.engine breathes air.' 

(x:) Whether or not the aii-craft 

has oxygen breathing apparatus 
of cabin prossurization to 
permit human occupants to 
breathe at high altitudes. 
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SUGGESTIONS FOR TEACHmG: 

a. Suggested time 



Number of Academi 



Recommended Number of Periods 
for Each Phase 



Periods per Week 



T 



X 



X 



e. 



Although aerodynai^ics is a big subject, and the 
smattering offered Aere hardly scratches the surface, 
a deeper penetration is not advised at this point. 
Keep 'die discussion oriented toward the application 
of aerodynamic principles to the design o^ aircraft. 
This subject will ^et fuller treatment in forthcoming 
phases of this unit,- not to mention AE II, Keep it 
simple. p * . » 



This material lends '^tself very well to lecture- 
discussion. After a lecture on the four forces 
affecting flight and, their action on control surfaces 
hopefully questions will arisfe spontaneously. If not 
the teacher should devise his own questions to bring 
out the principles of flight. 

This discussion lends itself to simple demonstrations 
Those described in "Things to Do" on page 31 of the 
text can be accbnplished with no more elaborate props 
than^a few pieces of paper. Lightweight tissue, such 
as is u^ed fo^ typing carbons, works better than 
heavier grade paper for demonstrations 1 and 2. A 
heavier grade is preferred for paper airplanes. If 
more advanced or substantial models are to be used, 
try to mdfcjL^ate students to supply them. Some can 
make wooden gliders; others may own radi-controlle 
model airplanes. 

In setting forth principles of streamlining, remember 
that these principles apply to cars, boats, and other 
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vehicles with which the student may be more familiar 
then with airplanes* Transfer from the familiar to 
the unfamiliar wherever possible. 



f. Student assignment: Read pa^s 19-31. 



7. INSTRUCT jpNAL AIDS t 

a. FILMS: 191 FTA Basic Aircraft Control, 7 min, B&W, 1961. 

b. OVERHEAD PROJECTOR TRANSPARENCIES: 
(1) T-2 C-1, Gravity. 

(2 J T-3 A-4, Wing Structure. 

(3) T-4 B-2, Tail Structure. 

(4) T-5 A-6, Lift. 

c. Models at discretion of instructor. 

d. Paper airplane to demonstrate principles flight. 

8. PROJECTS: ^ ' > 

Paper, wooden, or plastic aircraft model construction contest. 
The winner is the student whose design best 4en)onstrates /the 
basic forces that act upon an object in flightr. 

9. FURTHER READING: ^ 

Check your school and conuttunity libraries.* 



ERIC 



1-14 



PHASE. Ill - BASIC AIRCRAFT STRUCTURE. PARTS, AND SYSTEMS 

This phase acquaints the student with the structural com- 
ponents, control systems, and instruments that are common 
to most types of aircraft. First, it identifies the major 
»ar*-s of an airplane and explains their position and func- 
tion. Next, in a section that receives strong emphasis, it 
compares wing designs anC explains the functional purpose of 
the designs. Hydraulic systems, electric power, and instru- 
ments and their functions are then treated. 

1. PHASE III OBJECTIVES -Each student should: 

a. Be familiar with the major structural parts of an 
aircraft. 

b. Know the relationship between wing design ahd aircraft 
performance. \ 

c. Understand some of the main uses of the hydi/aulic and 
electrical systems of an aircraft. 

d. Understand the flight control instnoments used on 
aircraft. t 

2. BEHAVIORAL OBJECTIVES - Each student should be able to: 

a. Identify and locate at least ten of the main structural 
parts of a fixed-wing aircraft. 

b. Describe at least two wing shapes and explain how^hey 
affect aircraft performance. 

c. Discuss at least two uses of electrical and hydraulic 
power in aircxaft operatiions. 

d. Give examples of the usefe of at I'feast three aircraft 
instruments. 

3. TEXTBOOK OUTLli'E: 



a. Major Parts of an Airplane: ^ ^ ^ 

(1) Miscellaneous (all parts other than flight-control 

airfoils) : 

(a) Propeller. 

(b) Engine Cowl (or nacelle).. 

(c) Firewall. 

(d) " Lahding gear. 

(e) Wing Struts. 

(f) Wings (see below). 

(g) Fuselage 

^ . * 1-15 
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(2) Flight Con trol'.Airf oils ; 

(a) Ailerons. i- ^ 

(b) Empennage (including horizontal and -vertical 
stabilizers, rudder, and elevators). 

(c) Auxiliary flight-control members (including 
landing flaps, trim tabs, spGilers, and 
speedbrakes) . ' ' 

(3) Wings: ^ . . . 

(a) Nature of crop-duster's wings— high SSpect 

(b) Nature of supersonic wings— sweepback , iow 
aspect ratio. j u • 

) (c) Wing design terms and factors— chord, camber, 

sWeepback, aspect ratio. 

(d) The variable-sv/eep wing — F-111 and other 
airplanes. 

(e) The transonic zone and the s-upercritical wing— 
"critical mach," sound barrier (a new section 
in this revision) . 

(4) Control Systems and Instruments: 
(a) Hydraolic pressure. 

<b) Electric power. ' 
(g) Aircraft instruments. 

^, ORIENTATION' . 

a. This phase continues a general introduction to the air- . 
/craft, this tj.n.e looking at its component parts. It follows 
/very closely the theme of the preceding phase, especially 
in its discussions of airfoils and wings, which act 
accordina to the principles of flight previously discussed. 
This phase can be used as an introduction to material tnat 
will be covered in detail in AE-II. One more phase, on 
motors or propulsion units r will complete the orientation 
needed for farther description of aircraft types. 

5. SUGGESTED KEY POINTS: 

**(J-47) cnap 6 a. An "exploded" diagram of a simple light 
***(J-13) PP ■ airplane (textbopk Fig. 15, p. 34) can serve 

32-106 ■ the purpose of identifying the major pa^ts 

*(J~118) PP- . of all airplartes , ■ even advanced, jats which 

139-174 bear little resemblance to the picture. 

b. The category ■"miscellaneous" can be used to . 
***(J-1"56) include all parts of an airplane othar than 

. Chaps 4 and 5 flight-control airfbils and wings. These 

include: V 



1-16" 



ERIC 



.17 



4' 



(1) Propeller (further discussed in next 
phase) . 

(2) Engine Cowl in front and firewall 
behind, housing the engine in a for- 
ward position on a topical single- 
engine airplane. Engines of multi- 
engine airplanes are housed in 
"nacelles." 

(3) Lctnding gear to provide means of landing 

^ or takeoff run and absorb shock of touch- 
down. These are retracta^ble on higher- 
performance aircraft. 

(4) Wing struts — external supports for win^s, 
found only on light, lower-performance 
airplanes . 

(5) Fuselage, main body of the aircraft. 
T:)\e three basic types of construction 
are truss, usi^ig a framework of tubes 
or bars; monocogue, depending on outer 

i shell or stressed skin; and semi- 

monocoque, in which the stressed skijn 
•'is reinforced by' longerons, stringers, 
and bulkheads, etc. 

Flight control airfoil.s serve to change or' 
stabilize the att4.tude of an aircraft in 
flight. (In aerodynamid flight, a change 
of attitude means 'a change in direction or*^ 
flight. This point is not made -in this unit, 
but instructor should be ^ware of it; in 
space flight, attitude can be independent 
of direction. Do not- mention this confusing 
fact unless a *stu<aent brings it'up.)- 

^(1) Ailerons, on traili;ig edges of wings, 
'provide a means of turning. 
(2) Other flight control airfoils are 
. Usually grouped on the tail assembly 
' or "empennage." These include: 

(a) Horizontal and vertical stabilizers 

(b) Rudder to provide coordinatiorf* 
during a turn* 

(c) Elevators are the main climb and 
descent airfoils. 

(d) Other flight control, airfoils or 
combinations, not necessarily 

X located on the . empennage, can 
* • serve the^ same functions as the 
* ^ 4bove. For example: ailerons on 
' delta wings also functioning as 
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elevators .{elevens) , butterfly ~. ; 
empennage in which elevator and 
rudder functions are combined; 
stabilators coJnbining stabilizers 
. and elevators. 
(3) Auxiliary flight-control members include 
landing flaps, trim tajss, spoilers and 
o'ecasionally speedb'rakers. 

Modern aircraft reflect the wide variety of 
their. functions in the variety of shapes of 
their wings. ' , " , , - , ^ 

.(!)• The crop duster must- fly slowly at low 
altitude and needs the utmost in lift 
fgr the' sake of contr'ol. Its wipg 
design deliberately strives for, high 
*lift and slow speed-maximum use of 
Bernoulli effect. Therefore, the wings 
are long and straight, and "have thick 
camber (see below) . ' . ' 

(2) Interceptor and' other fighter- type air- 
craft,^ to achieve supersonic speed, 
-have stubby, or delta-shaped wings -with 
low aspect ratio. * 
(30 Terms to understand for an understanding 
of wing design include:- 

(a) Chord — cross-<-sectional measurement 
front to "rear. A tajiering wing has 

■ a mean chord. 

(b) Camber— ratio between chord .and 
measurement of upper surface, 
reflecting amount of cuirve or bulge 
in a wing. 

(c) Sweepback— bapkward slant of a wing, 
another, streamlining factor decreas- 
ing both drag and lift. 

(d) Aspect ratio— ratio between square 
of wingspan and area of wing. 'Long, 
narrovKwings have a high aspect ratio 
(and high lift). ... 

(4) Wing design provide^ the most striking ' 
example of the principle of "trade off 
discussed in Phase 1. 

(5) The variable-sweep wing is designed .4^o 
provide one aircraft with both slow 
takeoff-and-landing and supersonic 
fligHt by changing the positions of the 

' wings from straight out to full att^ep- 
back . 
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(a) The Air Force's F-111 and FB-111 
employ this design concept • 

(b) The Soviets have also developed 
swing-wing fighters i as have the 
French (mirage G) . A West 
European fighter with this feature 
is u^der development • The Navy's 
carri\er-borne F-14 fighter also 
has s\)^ing wings, 

(6) .Toother new* concept in wing design is 
the svlperci:i\tical wing, under develop- 
ment-by NASA\ It is designed, to ease 
the transition from subsonic to super- 
sonic flight by reducing behind-the- 
wing turbulen(^e, A flat wing top with 
' . a downward ci^e at the rear is the 

main featuar-e of this design, ( This 
subject is. new in the current revision > ) 

e. Control systems and instruments, along with 
the hydraulic and electric power systems that 
operate them, are other essential systems in 
aircraft. ... 
* (1) Hydraulic principles are based on 

Blaise Pascal's discoveries on the 
erfecr: of liquid pressure and how its , 
(J-156) ^pxce can be ^multiplied. In aircraft,, 

this permits* operation of movable air- 
foils and other Controls by human 
muscle against, the force of relative 
' , ' wind. 

(2) Electricity produced by engine driven 
generators, ban also assist the pilot of 
, • . operating controls, sometimes in conjiinc- 

tion with hydraulic systems. Other' uses 
of electric ppwer apply to engine opera- 
'^ion and< instruments; 
* .'(3)' Depending upon the siize ,or complexity of 
'**(J-13) PP 18^233' ^ an aircraft/ instruments can be few or 
**.(J-118) PP 244-280 . . many. Instrxom'ents can be used to indi-' 
*?'*(J-tl56) Pt^ 144-1^5 cate engine conditions, flight condi- 

tions, oras a means of guidance of 
navigation. If they operate by trai^- 
mitting or receiving automatic signals, 
. ► . ' they are called avionics. 
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b. The students opxi 'attain the learning objective -of this 
phase through a guided discussion. Many of them will be 
familiar, to a degree, with aircraft structure and parts 
and probably to a lesser degree with the hydraulic and 
electric systems and aircraft instruments. The discus- 
vsion could l^ad from the less complicated light general 
aviation airplane like the Piper Cub or Comanche to the 
latest jet aircraft. Emphasize b^sic resemblances between 
these aircraft ratHer than differences. A model with 
movable controls would be helpful. Another possibility^ 
vvpuld be a large and clear chart or exploded. diagram 
^imilar to Fig. 15 in the textbook but with the parts 

> unlabeled . If such is not available, you can draw one ^ 
or 'have a student with artis-tic ability draw one, on the 
chalkboard, or with '*Magic Marker'^ on a large sheet of 
paper. This unlabeled diagram could be the basis of a 
fast oral part- recognition, similar to aircraft- 
rocognitiori, session. 

c. The comparison in the text between automobile* instruments 
and aircraft instruments is good and can be elaborated on" 
so that the student may gain a sound understanding of the 
importance of aircraft instruments to safe' and efficient 
flight. ' 

d. Student assignment: Read Pages 33-51. • 

Ih$TP.bCTIOiiAL AILSi^ ' . '^s 

a. fPANSPARENCIES: 

\ 

\ ■ ■ ' 

\(1) T-1 Airplane Components. 

{^2K T-3 Wing Structure. 

(3) TH^Tail Structure. 
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(4) T-8 Airplane Roll, Pitch, and Yaw Axes. " 

(5) T-9 Operation of Elevators*. 

(6) T-10 Pilot Static System. . 

(7) T-11 Flight Instruments. 

b. t-ILMS: i 

(1) TP 5688, RF-4C Familiarization, 14 min, color, 1966. 

(2) SFP 1590, The F-111, 15. min, color, 1966. 

(3) . FR 982, B-52 Flaps Up Landing, 10 min, color, 1968. 

8. PROJECTS r 

Select a student or perhaps a group of students and have them 
make a study of the changing shape of aircraft wings from the 
Wright Brothers to the present time. Study should include 
reasons for changes pictures, and diagrams. 

9. .FURTHER READING: 

* ' John W. R. Taylor, (ed. )^ Jane's All the World's jyir craft y 
New York:. McGraw-Hill, latest available edition.' 

check your school and community library. 
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-PHASE IV - PROPULSION UNITS ' . ' 

this phase is an' extension of the preceding phase. 
After considerinq the other -components .of an aircraft, 
the student now turns to thp Sjighly important compone^nt, 
the power unit--what makes it go— certaii|Xy deserving 
of separate treatment. Before specific engine types 
are considered, certain elemental prof)ulsioti principles 
are presented--the Newtonian principle of action and 
reaction, and the principle of internal tsombustion. ^ 
Then propellers, reciprocating engines, jet engines, 
turboprops, and rodjet engines are taken up in that 
order. The section on the rocket motor is. expanded in 
this revision, not so much because of its importance 
to aviation as to provide an int^resti^ig base of 
coraparison for" a better understanding of air-bi^eathing 
engines. *" ' , . ' ' 

PHPSE IV.vOBjffTlVES - Each student shpAild: , 

a. Be famil iar with how Newton's Third Law applies 

to the production of thrust by aircraft propulsion 
ur.its. 

b. Understand the operational cycle and cylinder 
arrangements of four-stroke reciprocating engines. 

c. Know the four parts of one operational cycle of 

. a~turbojet ertgine and understand their? analogy to 
those of a reciprocating engine. 

d. Understand the advantages and" disadvantages of * ^ 
rocket propulsiqn in aerospace. 

BEHAVI'C^IAL OBJECTIVES - Each'"student should be at)le to: 

a. Giv^n diagrams of reciprbpating and turbojet engines 
identify the two .common factors' that operate to 
provide thrust. . ^ ■ ' 

"b. Given a diagram of the four parts of an- operational 
cycle of a recipDOcating ^engine, explain the 
» operation of eaph cycle. 

' c. In the- same. manner, explain the oper^tion&l cycle 
of a turbo jet.. engine. 
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d. -Explain at least two advantages and two disadvarttages 
of rocket piropulsion iri aerospace • ' ' 



TEXTBOOK^t 



a. Definition of "propulsioh Unit" — ^^engine plus means 
of propulsion , 

b. Copaon Propulsion Principles 

(1) ' Newton's third law of motion 
\ (2) . Internal combustion 

c; ^ Oper^tidn of propellers' ^ ^ * ^ 

• • ' (1) Blade anglfe or pitch- 

(2) ^ Subsonic perforraapce limits • 
d. Reciprocating engines " ' 

(1) Principles of operation ^ ' 

(a) Four cycles: intake,* conpression, ignition, 
and exhaust 

, (b) Translation into .turning motio^a, or torque 
^ (2) Types of reciprocating engine 

(a) Radial ^ ^ 

f\ (b) In-^line ' 

(c) Horizontally-opposed . . ^ 

(3) Superchargers to increase altitude capability 
.(neW data) ' . 

e* Jet propulsion units 

(1) Basic/ principle of operation— same four cycles 
Ja) iRamjet — no compressor, highest speed 
% /potential ' ^ ' ' • 

/ •(h) fpulse^ 5et--WWii ^'^^^ 

(c)...^.Turbojet types. (|^ith afterburner; turbofan) 
(3,) Pow^it^^ rating by thrust- pounds rather than hp 
f TurbopropT p'^fppulsion units 

(1) PririQit^ies of operatibn 

(2) Usei^ in aviation 

g. Rocket Hptor — the X-IS ^ - • 

{1) Roc)cet applications to aviation ] ^ 

(a) JATO . ' 

. (b> 

(c) X-IS 

/ (2) ^ Principles of rocket ^notor operation 
(a)^. Contained oxidizer (no air) 
' (b) Advantages and disadvantages , 



last of the phases in this unit dealing with 



ORIENTATION 

This is the 

the basics 6f aircraft, flight, and aircraft components. 
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Kll students will know 4)efor^handh_ 
. differences' between propel l|iJiff»dfSven and^^t aircraft 

in nfodern aviation. ^Jto«S"insight ,on .hqw these propulsion 
. 'units functio|^,>,And""ttieir coiiipar.at-ive; *advantages and ' • 
^ disadyaKit«a^'s ' f oif different aviation tasks is provided' ' 
.^in^-'ttxis phase. A fdrm^r brief notation' oh 'rocket ••. 

motots has been expanded in this revision to underscore 
- by. 'comparison the functions and, advantages of air- ! 
-breathing engines in general". , • • 

$.' '^l'GGEST£D..:KEY P^IHTS; ' '. 



a. An aircraft unit includes an en^fire — ; 

tpgether with 'the means of propulsior^. 
Recipr6jS?ating or turboprop engine plus ^ . 
propeAirr-for ^examg^e ; or jet engine ^ 
plus rear nozzle f ot^^^producing^ip^ctive. _ 

" forces. • ' ' J, ^ / ,v. 

• . ' ' \ ' ' i 

b. aircraft propulsidA units hfVe two . 
things in common: - ^ ^ * 

.(1) Oj^eration accordins^ to Newton's • » 
Third Law — action eqUals* reaction ^ 
. wlietjder the unit, is a jet directly 

hurljng a mass of gas rearward_^ . . 

^ ^ creating 'equal forward Jthrftst,,jo^_.^—^ 

a propeller unit hCtrlingT^KeJambf^nt * 
' air rearward for the same effect. . 

(2) Internal combusticnl ^ All thrust is * ' 

generated by heating and expansion 
^ of gas inside the engine , due • to ^ . 
' • . combustion of f^^^l and-oxyge^i^ whether 

inside the cylinder of ^ ^ reciprocating 
* engine or .the combustion chainber of / . 

a jet engine-^ ,pr It- rocket engine (in, 

which case the^'oxygeh is carjjied 

internally and not drawn in from 

the ou^ide) . i . 

c. A propeller is a curved airJfpil^ acting 
in -the, aif ' somewhat liJfe a scrawl 

* > ' / i • . 

(1) Except for* the simplest types ^ 
. propellers .function .differently , 
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. piccording to the way their pitch 
is a<ijustecl, pitch being tile angle 
at which the bladB attacks the air.. * 

(2)^ PerfQrmance limits of - Rifbpeller^. 
driven aireraft^_aj:e--detexidji^^ 
the J|acfc-i*hat"'"the k)lade tip! cannot ^ 
. ^^--Tnpve at supersonic ^speed^, Jience ^ 
airspeed must still lower.' 
" '-Theofeticar speed limits are under . 
.^500 mph.\; Altitude limits a^^-aiso ^ 
* lower than those of jets. 

d. Reciprocating -eugihes wqrk ''back and ' 
•forth" (Latin , reciprdcu's ) '—-the action* 
. of pistoji- in cylinder as it revplves. 



***'{J-2) pp!. 169- 
199 

**j(^-5) pp 38r45 
***(J-131) 




r-156) pp 63- 

67, r4 > 



(1) Most aviation enginesha3je--fotif'[cycle 
• '6nginesj__jping t^wrcrcCglTfour basic . 

tioveirosff^s^r strokes: . . /. 

' ' ■' 
(a) Intadce — piston pulls' back and 
drains in air and fuel yapor. 

# 

(by Con^res^ion — piston pushes 
^ ^.1^. forward and squeezes gas-vapor 

mixture. - ' * ^ ' 

(c) Ppwer-"^mixture ;is ignited and 
expands with force to puEkh 
piston, back. ; ^ * • 

(d) Exhaust— piston pushes forward' 
again to clear oylihder'of 

^ waste gas. ^ • / 

(2) , Types of reciprocating .engines inc^jfUde— 

(a) Radial— add number of' cylinder^ . 
'arranged in cifcle' around 
- ,crankshaft. Majority of tranp- ^ 
ports/., bombers,, and other high-- / 
, . perfdagnance' aircraft during 

. • heyday \of - reciprocating .engine r 

- . > had this typfe* Up to 3,800 
_ ' ho^rsepower.^ / * 
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(b) In-line engines were featured 
in >igU-speed fighters of WWII 
likk Mustang and Sp4-tfire. These 
engines acl^apt Well to'stream- 

^ , . lining. , . ' * 

(c) Horizontally opposed engines are 
light and economical — tye. type 
fa\5ored today since modern 
reciprocating engines are best 
suited for lighter aviation in 

^ under-&00 hp class. 



(3) Reciprocating engines have a limited 
ceiling, which can be extended by 
use of* a. device called a "supercharger 
. .(most Gff f icient type is "turbo- super-' 
charg^/" which increases air irttake. 

Jet provision units really have the same 
four cycles as reciprocating eiigines--^ 
intake, compression r combustion, and 
exhaust. The difference is that they 
take place in four different parts of . 
the engine, and the exhaust provides 
the main thrusting force. 

. (1) The ramjet engine the simplest 
because it has no compression 
mechanism . - It- achieves - air/fuel 
compression by scooping in air on ^ 
the run; therefore/ it canriot be 
* . used on takeoff or launch because 
the vehicle must be already moving 
by other means before the ramjet 
can operate. 



(a) 



Ramjets never^-heless achieve 
great speed and ef f iciendy at 
high speed, and high al1:itude. 
Used on Bomarc missile, can 
achieve 100,000 feet at mach 3. 




Fufture ramjets or scramjets 
(supersonic combustion ramjets) 



ght be key to ultrasp,eed . 
ansportation in aerospace. 




The pvlse jef is an historical 
curiosity/ , the propulsion means ^ 
of the German V-1' "buzz bomb" of 
World War II. it achieved intake , 
and compression by alternate opening^^ 
and closing of a shutter. 

The turbojet engine is the basic • 
jet engine of today. It achieves 
CQmpression by means of a turbine , 
which can be staurted and run up by 
electricity / then turned by the 
engine itself once it getg going. 
Thxust is purely by hot^xhaust from - 
the combustion chamber. Variants are: 

(a) .Turbojet with afterburner, 

• providing extra thrust, by ^^ 
injecting and igniting fuel ip 
; exhaust channel behind main \ . 
combustion chamber. ^\ 

(b) Turbofan— :preferred today on 
most airliners and other heavier 
jet aircraft / and some fighters. 
•An additional turbine turns a 
powerful ducted fan which provides 
thrust from air not going through 

. combustion* Somewhat similar in 
principle to turboprop, but fan 
is enclosed. * , 

Engineers prefer to rat6 jet engine 
power in pounds of thrust rather than 
horsepower. This accounts for 
V$iriations in efficiency with speed. 
Horsepower equals pounds of thrusjt 
at one speed — 375 mph. An F-4c 
fighter weighing 58,000 pounds has 
a total thrust of 34,0.QjQ pounds and 
can achieve more than mach 2 speed. 
A C-5A Galaxy hag a power plant 
totaling 165,000 pounds of thrust 
and, at lower speed, can lift 728, poO 
pounds . 
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Turfcoproj) propulsion units use #*turbxne 
engine similar to a jet engine tjo turn a 
propeller .s ^ 

(1) Reduction gears around tl^ drive , 
shaft hold the propeller tSp's to 
subsonic speed. 

(2) Most of the energy is used up 
turning the propeller. Very little 
is left for jet propulsion. 

(3) Turboprops are especially efficient 
for cargo aircraft. 

Eockets can be mentioned in an aviation 
context because of certain applications- 
(also' because points of comparison with 
.air-breat^hing engines^ may be instructive) '. 

(1) Aviation appll^cations include 
JATO (jet-assist takeoff) to 

^ shorten takeoff run of conventional 
airplanes by providing additional 
thrust; the X-24. lifting body for 
' research into controlled 'landing 
of spacecraft; "ar|d the recently- • 
retired X-15 program for varied 
scientific jresearch. The rocket- 
powered X-*15 reached Altitude of 
'67 miles >and a speed'of 4,543 mph. 

(2) ' Rocket motors differ* from jet 

engines in - that they use no oxygen 
* frpm the isurroxanding. atmosphere. 
Thia permits operation in space. 
On the other hand, it require? a 
gre^t increase in weight, since 
the required weight of oxygen is 
much greater than that of the 
fuel. Another disadvantage for 
aviation purposes is the rapid 
expenditure of propellants 4ieeded 
to achieve rocket thrust.* ' Poy 
the present, air-breathing 
engines will serve the ne6ds of 
aviation best. 
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SUGGESTIONS^'-FOR TEACHING i 

a. Suggested time 



Recommended Number of Periods 
for Each Phase 



Number of Academic 
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b. The material in this phase can be covered briefly but 
adequately l?y using the lecture method. This is 
introductory material for the subjecft of the AE-II \init. 
Propulsion Systems for Aircraft ^ but in this tinit it 
sets the stage for consideration of aircraft types. 

The very next phase, on general aviation aircraft, 
will include reciprocating, turboprop, and jet types. 

' - 

c. Simple points that are persistently difficult for 
some students should be stressed in discussion. One 
is Newton's third law, sinpe many think of jet action 

* as that of escaping gas ^'gushing" against outside air. 
This is one good reason fot getting ahead of the 
story and mentioning rocket engines in space, where 
the engine has nothing to push against. A reciprocating 
engine, too, operates on the expansion of a "mass of 
gas" moving within a. cylinder against piston walls 
and a piston. 

d. Any model or^ instructional aid available will be 
helpful. We suggest the use of all available trans- 

, parencies on aircraft engines and rocket engines. 

INSTRUCTIONAL AIDS: " 

t 

a./ FILMS: 

; (1) TF 1-5364 An Introduction to Jet Engines, 
/ 13 min. , Color, 1960. 

/■ ' • • 

(2) NASA: HQ 79 Research Project X-15, 27 min., 
»^ Color, 1966. 
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(3) mShi HQ 175 Flight Without Wings (lifting 
bocly) , 14Jj min, , Color, 1969; 

• ,b, TBftNSPARENCIESi . 
* . (1) T-20 Engine Cylinder Piston Diagram . ' , 

(2) T-38 T'urbojet ahd Ramjet. Engines 

(3) "- ,T-39 Rocket Engines. 

8. PROJECTS ■ 

a. For a special, project or independent study, a student 
' or a group' of students can compare the operation of 

• • a four-stroke reciprocating engine to a particular 

type of jet propulsion, unit. Thife can take ^« form 

of either a research paper or oral 'report. 

• .' • ' • . . 

b. See ''Things to^pOr" textbook page 73. - " * 

$: FORTfiER. READING . - - ^ ^ ' • X\ . " 

a. Taylor, John W. R. (Ed. ) Jane's Ali 'tiie 'World's Aircraft 
(see separate section on enginesr-by nation}, . McGraw-r 
Hill, latest available edition.-' ' • . 

b. Check yoUr school and community libraries. 



'.^ • PHASE V -^GENERAL AVIATION AIRCRAFT 

"General ^vialbion" is a broad category whdx^h includes 
practically ail aviation other than militlary or airline v 
aviation. This chapter is an introduction, then, to 
the world of civilian flying and the sdlmpler types -of - 
airplanes. General and statistical factd about the . 
field of general aviation—production, airport availability 
and training requirements — before taking up specific; 
.aircraft types from single-engine two-passenger upjto^ 
turboprop and jet corporation planes. 

This phase is brief but somewhat expanded in -cOnparison 
with the discussion o*f general aviation in previous ^ 
editions Of this unit. It includes Jdnly general aviation 
where the previous Phase V included both general ,and 
commercial aviation. • 



PHASE V OBJECTIVES.- Each student should: 



a. Understand the size an^ relationship's of the various' 
aspects of general avia^iion., 

b. , Khoy the various type &^ of aircraft used in general . 

, avi^tibh in the United. States. * , • 

BEHAVIO&L OBJECTIVES - Each student ghould'be ^],e to,: 

a. Construct a table on general aviation, showing such 
' items as: n<imber of aircraft in use; number of 
•qualified pilots; number of* available airports 

(dif fe rent* classes) ; annual, aircraft production 
and average price. Add to this table your estimates 
•for a period 10 years from now. 

b. Describe at least "four examples of general aviatio^fc^ 
aircraft shiQwing how they vary in size, equipment, 
and price. ' • 

TEXTBOOK OUTLINE ... * ^ 

. a. Introduction — definition of '^general aviation" 
b. Some Facts, Figures, and Trends"^' 

(1) Number of pilot* licenses, AOP A members, and 
aircraft ' ' ' 
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r (27 - aircraft prodtiction and prices ^ - ; 

(3) Airport availability ^ - . ; - 

" " (a) Nuinber of airports of different sizes in 
U.S. 

(b) Relation to convenience of private vs. 
. coinmetcial-airline flying : ' 

) (c) Relation to takeoff and landing performance 

• of air^rraf t of different weights > 
(A) Training requirements 
(a) For visual .flying 
(b> For instrmient flying • 

(c) Trend toward instrument flying - . 
c. Some Representative Types - 

(1) Single recipr(|catiTig-ehgine airplanes. Examples: 

(a) . Piper Ch^okee . ' , 
w (by Beechcraft Bqnanza. ' 

(2) 1 Twin reciprocating-engine airplanes t Exan5)les: 
, / .(a) Cessna Skymaster {0r2 Air Force version) 

(b) piper Turbo-Aztec 

(3) Heavier genoiai aviation aircraft 

(a) OseS: light cargo; "flying conference room" 

(b) Heciprocating engine types 

(c) Turboprop types. Examples: Beechcraft King 
Air 100 

(d) Jet. Examples: L^arjet^ Beechcraft-Hawker 

' 125 < - . . ^ 

ORIENfATION ... 

a, Co'nsideratdLon of aircraft by types picks up from 
Phase I. Here the lightest and simplest airplanes 
cxre considered, and study of preceding phases should 
prepare the, student to evaluate them in temus.of 
performanoe. This is the only phase in which 
' v^ir<2^a£t types are listed with' price tags ^ for ~, 
CMiparativg purposes, so student will>know something 
- a^t rel.ation to performance. For- example j instead 
'Of fchinking of the comparative coats of such-ahd- 
sufh features on an aircraft, such asy twin *engines , , 
turbosuperc'ftfeurgers, and breathing" apparatus, or 
presaurization? the sftudent shoul'd* consider the, 
need for reliability (twin engines) , the desirability 
of a service ceiling of 30,000 feef (avoiding bad 
weather), the means of achieving a service ceiling 
y of '30,000 feet ( turbosuper chargers ) , and the Minimal 
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- J ; need for breathing tanks as well as the comfort * 
' factor in pres^surization. All these factors tie 
in with previous phases/ ' 

. b. B^oad statements about general aviation provide 
another important, insight of thi,s unit— function* 
ana employment rather than mere identification Qf 
different types of aircraft. 

5. -SUGGESTED KEY POINTS / , i 

a.. General aviation is a term meeming 

**(J-156> pp praotically all qtvialiion other than 

754-66 airi\ne and military aviation; As. a 

*(J-21 C) pp class of aircraft typos, it includes 

245-46 ' civil aircraft, smaller and lighter 

. . , "Uian commercial pas-senger or cargo^ planes. 

b'. General aviation aircraft cons,titute the 
heaVy majority of aircraft flown by 
licensed pilots' in the United States 
(500,000 including ^udents). There are 
'about 100,000 genera^ aviation aircraft 
in the nation, 50., 000 of which are . ' 

classjed as "personal." . 

(1> Annual production of aircraft rose 
frpm 7,000 in 1960 to over 12,000. 
in 1969. . Average price in this 
peridd rose from $19,000 to $47,000 
* (due to emphasis on business more 
than sport flying, rather than merely , 
^ inflation) . 

(2)^ 'There are 10,000 -airports available 
■\ , to*. light general aviation aircraft 

.as compared to fewer than 50' cap&bXe 
' • of taking major airliners. 

(=a) Thi^<^^^ indicates an.- advantage- 
, for private flying. The slower. 
' airspeeds -are offset by convenience 
/ of one's Wrt* scheduling, direct 

routing, and -freedom from surface 

and air congestion. 

^ (b) The matter of airport availability 

"V. is directly related to the 

X ' ' , superior Stol capabi/Lity of 

lighter aircraft. 
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(3) Modetn private flying^ however / demanas 
increasing skill of the pilot. ' The 
emphasis is on business rathiar than 
pleasure flying and this entails a 
- need for all-weather capability and 
a pilot's mastery of instrumentb. 

Although general aviation Includes many 
special-purpose aircraft/ representative 
types here are limited to-enclosed-cabin 
passenger mqnoplanes-^f"^ varying weighty 
atnd, performance capabilities. Pricesf as* 
of 1970 are quoted for a general idea of 
how cdst relates to capacity and performance. 

(1) Single recip;rocating engine * 

• < 

(a) Piper Cherokee, 140 , 2-3 passenger/ 
150 hp/ 142 mph, service, ceiling 
14,300 ft, useful load 937 pounds, 
$10,400. 

(b) . Beechcraft A-36 Bonanza, -285 hp 

4-6 passenger, useful load 1,580 
potmds, cruise 167-195 mph; 16,000 
ft^ ceiling* ^$45,550. 

*• 

(2) Twin reciprocating engine 

(a) Cessna Skymaster (Air Forces 0-2 
observatipn plane), 2/210 hp 
engines, cruise tMi^mph, ceiling 
19,500, takeoff dve^r 50 foot 
obstacle 1,545 feet; useful load 
(civ.), 1,745 pounds. $50,000. 

(b) ,Piper Turbo-Aztec. Twin turbo- 
super ch^rged..2 50 hp each;, i6 seats, 
useful loa3r2^14S pounds ^ takebff^ . 
over 50 feet in 1^250 feet, cruise 
at . 230 mph plus, ceiling .30,000 
feet.. Oxyg6n tanks, $75,000* 

(c) -Cessna Golden Eagle and Beechcraft 
Duke have similar capabilities but 
have pressurized cabins, raising 
price to more than $150,000. . 
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(3). Heavier general aviation (over 2 > 000 \ 
pounds useful load; some have separate 
.crew compartments). „ ^ . ^ 



* . j('a) ^eciprocarbing powered models'. are 

' best for economy, have good ^ . • 

, takeoff and landing capability. 

{b) Tyrboprops have, more sp6ed arid 
tt*^ ' . ^ - , lifting, power while retaining - 

• ' good STOL capability. Example is 

^ , . Beechcraft King, Air 100', 250 .iaph, 

seats up to 15 /'pressurized cabin, 
$600^000. 

- ' ; ^ * -(c) Jets.provi(^ o<fer j500 mph speed, 'l, 

^ . • Eight or more passengers , prices 

^ . '. . from ^$800, 000 toj[over a million. , 
' ' * . *, Some corporations buy private ' , 

' 'airliners at hi^er cost. 



• " ^ ' • ^UPDATE DATA. (no mention in text) 

, * ' • \ , . Cessna Citation ^is an 8-passenger 

\ . jet for only $600/0.00 — competitively 

-priced because .limited performance, 
* . • 400 mph top speedl - 



/ • " d. There are almost 3,000 specimens of home- 

b'uilt aircraft flying in the Onited States. 
' . ' An extreitiely light single seater with a 40 hp 

;^y6iksw4gen engine and a speed of JO mph can 

♦ ^ . \ j^e ^'built for"^ "$1/000. Four seaters of greater 
^ . ^ - / j per:fprmaiTce' may cost in .excess of $4^000 to 

\ ■ ' ^ ^ ' b\4ild.' ,.Time required for the prfr^eer runs 

: ;!?v ./.\ ^' ' , ; ^^r ;,/£i-om -SO'O to *l,D,00*irt^h-hours* Hoife built, or 
v ^, v ,/ . ' ; , .^^ ''cl'ub'bja^ and saClpfemap are^also 

^!^':6.>5|J^ • ••/ ^ - ^ 

; ' V V-'i"..- aV K S^^ time . - 

• V',- ' '■ . \v '. . - . ■ 

t^v.-','., . .V • r : . 1-35 ■ • - 
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NumbeX of An^r\t:>mi 

Periods .per Week 


Recommended Number of Periods " 
for Each Phase , . 
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- A 


5" 
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. This phASfe. can be presented iri,. Glass -adequately by- ' . 
the lepture method. The material should be presented ' 
as an introduction to general aviation, to be further 
developed in this course in the unit The Aeros pa.ce Age 
and next yeax in Cjvil Aviation and Facilities . — The ' . 
'backgiround is still desirable here as an' understanding 
of the functions of the aircraft types described. 

Since available slides, transparencies/ and films give " 
little support, to this phase, teacher and students 
will have to dig up their own .illustrcttive\ materials. 
_ This should be easy. Current aviation magazines ,- both 
advertising, and editorial matter, abound in pictures ' ■ 
of the curren't crop of general aviation aircraft. • . 
Brochures from manufacturers axe also useful. Flashing 
pictures at the class for' rapid identification of 
general types and features of aircraft" should pr6vide 
a lively interlude*. {Do 'not expect the class to . 
Identify aircraft, by make, and model. Engine recognition', 
introduced^ Phase .V, -is- more to the point.) 

Both teacher and students- should be especieilly alert 
to find examples of. new aircraft or' new modifications 
since the unit textbook was jpublished. 



■ e. Student assignment:" 

7. INSTRUCTIONAL AIDS; 



rejad pages 75^95. 



a. 



Charts, posters, etc., of related information from 
aircraft companies. Some aviation maga-zihes catry 
performance charts on, new general- aviation aircraft. 
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PROJECTS: . • . 

\ 

a. A group of students" Ccin visit a local airport and 
report on its role in- general aviation. In a large 
metropolitan area there will be airports devoted 
e?itirely to general- aviation and'' others at which both 
general avifition and airlines will share the facilities 
Both types are' of interest > although a more elaborate 
project would be more appropriate 'fbr' the forthcoming 
unit.. The Aerospace Age , q^next year's uni»t, Civil 
AviatiorTand Facilities . '"This one should be kept 
simple"! \ , • 

^ •• * 

b. General aviation as a career field is a good, motiva- 
tional topic for a student report. References 
accompanying key. points, above, .are helpful. 

9. Invite arf experienced -general-avVation charter pilot, 
instructor, or businessman-pilot .to speak on the" 
advantages and probl,ems of flying. There may also 
be an amateur aircraft builder in your area' worth 
hearing from. 

FURTHER READING,! , . ■ " 

a. Taylor, John W. R. "(Ed.) Jane's All the Wdrld'a 
Aircraft . McGraw-Hill, latest available edition. 

b. Check. your school and community libraries. 



PHASE VI - COMMERCIAL AIRLINE AIRCRAFT 

This phase takes up aircraft used in conunercial aviation. 
Although it begins with a brief section on commercial 
cargo aircraft, thjs "emphasis is on jet passenger liners, 
which have taken over the great majority of intercity ^s 
well as long distance passenger air traffic •'Greatly ' 

' expanded over tiie previous treatment of this sxibject 
(formerly included in phase V but now a phase in itself )^ 
the discussion includes tljree main types of jet passenger 
airplanes", designed for different segments of the ' 
passenger trade, A concluding section discusses the 

.^'future*of the supersonic transport and some of its 

•-problems.. 

.PHASE VI OBJECTIVES - Each student should: 

. a.^ ^ Undtier stand the service that cargo. 1:ype aircraft can 
offer the civil market. 

b. Know the current types of passenger jet aircraft. 

c. K^iow some of the characteristics of supersonic 
transport aircraft. 

d. Know some of the problems connected with SST develop- 
ment.' 

BEHAVIORAL OBJECTIVES - Bach student should be able to: 

a. Explain how aircr.aft especially designed for cargo 
rather than E)assenger ^carrying can serve- the civil 

^market. ' ' 

b. List at least thriee currfent types of passenger jet * 
aixcraft and the principal functions of each. 

V * * * 

c. Describe the British-French and Ar.'.erican Versions 
of 'the SST. V . , ^ ^ ^ 

d. State at least two of the problems connected with 
SST development, 

TEXTBOOK OUTLINE! • 

a. Conunercia], cargo aircraft 
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(1) If Specially adapted^ ^pX!low aiilite^ty designs ' 
. * (2) • Large', types for outsize cargo ability. . ' 

(3) Sinaller tyipes. witli STOL fdr p/)int-to-point 

,^ service ' ' ' ' / \ \ * ' ^ 

b/- tornmercial Pass^i^gef Aircraft . ■ 

(1) /*:Cjirr6ntly made by 40' companies * ^ . 

(2) ' ' Standard Largfe, Long-Ran^a 
^''{a)... Boeirig im 'v . , * >: 

, /: '•{bV '.Mc-Dbnneli Douglas DC-S • 

. .(c) JPoreign types (British BAC VC-1(> Comet? 
.V' ^\ t^^'^^-L^ Soviet Ilyushin IL^62) ' ' 

"(3) ^Eai*dard Medium-- to-Short Range * " ' 

J . - (si), Imt>qrtance ih servix:e tcJ sniialler communities 
. t.' (b);,: Foreign makes: JEokker, Hawker**5iddeiey , Sud 
/ Aviation? bas^ult'# Tupolev ? 
(c)-^ DDUalas QC-9 (C-a) ' ' ' 

* ^ -(d).. Boeing. 7'2t> 737, and stretched' 727, 

"C4) Jutnbojbts 'an4 Airbuses.: * ■ . ^ . ; . " / ^ 
(a) long-range and short-range service.^ 
- V. ; . M Boeing 747 : . • 
•r;.; ^c)*' McDonnellr Douglas. DCrlO ' . - , • 

* \ /**' (d) riiockheed Trr-^tar L-101^ * ^ 

* ' , V ' (eh. SUd Aviation-peUtsche Airbus A-300 ; 
ci. The: Supefsor^ic Transport (SST)y(:ont rove 

(1) Status- ih different countries * 
^ j/ (bi .: Btiti^hTFrench Cdhcorde ^ 
' . .(b) ''Soviet TU-144 \. . 

'i.y (c)\ Boeing, iSST (projected: specif i^tions, ' 
.^^ . ' ' cancell'ation) . * - . ; - 

\ ;(2) Development Prpblems and :AchieVements ' . 
' ia) l^ilitary fighters — stipersonic' "dash'V ' / 

.^(bi' -5-58 and' XB^70 — ^"toward supersonic cruise 
. -(3) *.l?rois ahd. Cons 

(a)\ Con arguments: , lack of. real need, sonic . 
'boom, pollution ... * ' 
• . .\ (b) Pro arguments: cdmpetitiye. advent age, • 
" ^ national morale;* national aerospace 
• '/ capability ''^'* . 

(4) The Sonic Bopm^ ^ ' ' : / • 
(a) Facto rsr> especially altitu<|e 

... (b) Effect of minimum-altitude regulations 

ORIENTATION: . • , . " . ' •• ' 

a. / With separate phases dfevoted to gener^al aviation 
' and :comme r ci a r.. aviation, the civil side of aviation 
gets proper emphasis in this revised land expanded 
unit. Other. units sucK as The Aerospace Ag6 :and 



tfext year's CivjLl Aviation and Facilities f will 
^b^aird vpoii the svbject^ Note, however, jbhat in . 
bhis discussion we/ again try to do more than 
M*isic|er alrplanei^' as hardware b.ut point out the, 
|30cial iii?>act of theif empipyinent. . The lighter ^ 
■^passenger je.iis, for exampieff hay6 tirought je1b air 
itransportatiqn to smaller citieis* i'Jumbpjets! in 
;their "airbus", configuration may help .solve* inter- 
city-traffic problems'.and alsp' lower fares qn 
irixernational, and 'other long^disiJance routes. 



SUGSESTED^ KEY POINTS; 



7 



land abrxi 



»/ 



4. Conmiercial ca$go aircratft are j ^sentfially 
I no different ?£rom military tr4irepd3?t 
aircisaft discussed in Chaptearj 1, or are 
adapte.d from passenger models. Civil 
versions of military airl'iftej?^ such as 
C-IGO^ have good cargo-haryilin^ capability. 
Civil \'^rsions of C-141 ahd Cr-5 (L-SOQ) 
are expectjed in. future . Oujbsize .cargo 
capability' of "Guppy" series is -finding 
man,y " coipmercial .uses'. Smaller-, f re ightelrs 
bf .:g6pd STOL bapability are- desired for 
direcjtvdfeliyejries €p factorieb/ njines, 
^■"'='^ruct;Lon /sites • ' ' ' ^ 

Com^S^xah passenger/ aiircraft still- 
IvL^e many ptop^Ilei'^driven;. types , 
Mlt here we' sHal3t'' conf-ider , tiir^e ihain 
^ti^pe& of jet i|a:s-|eh^err;iinex^"i 
Currently thejrje;:.;^re' '10 .priv^tfe or ' 
gdvernmen't ,f ims in the'^wofld that make 
themj - l-3-:-Bo.felLng:V. Lockheed', ar\d McDonnell 
'Douglas "of. US;.l_4r5'--BAC and Hawker- . 
^Sriddeley in. UK-f . 6~Pokkef of Netherlands) 
7-8*— Dassault ^d Sud ito/iation -.pf Prance?' 
^-10 — Ilyushin l^a,hd 'Tupoiev of So-^iet 
Union-. The ^hii^ee typep are':; , • 



il) Standard large-.^, long-rang^ -,; 




(a) ' Boeing 707. CVOvVsaOB). (-aV . 
Force .VC-1 37) , 3^20- EJassengets 
in mixed class, baxlmum:. weight 
31^,,, 0 0 0" .poiihds.>: . 72 , 0 Oi)"- tp ' . 
• turjpofan po^er -plant « 600 ra^h. 



J . ; ,^aine- gfinerax-p^menBaoos anw 

■ capabilities as 707. Trades 
« . / model has movable. bulXhead 
. dividing pass6nger-freight 
compaurtments . • 

. ,(c) Foreign ^ypfes include BAC's 
VC-10, Comet, somewhat larger 
and more powerful than 707; 
• Soviet's IL-62 is also somewhat 
Igirger. ^ ^ ' . 

' . ■ ■ I . . " 

(2) Standard Medium- to Short-Range 

'■ ■ 'I ■ ■ * ' 

(a) This type, seatin'g less than 

/ " > lOO^assehgers , has seem much 

/ ■ growth' in recent lyears , opening 

up more and more, airports 'otjij 
smaller cities t6' jet traffic. 

" . ■ ■ * ■ I ll \ ' 

(b) Foreign 'finrfs are heavy comp'eti- 1 
toys in this class. Types' i^clu^e 

, . * Fokker o;f Ketherilahds F-28 

, -Fellowship? Hawker-Sidde l4y' & 
Trident;; Sud Aviation *s Caravelle,; 
passaiuit Merpure^; Tupolev T«-124. . 

.' <r - (c) u$ ' models are McDonnell-Dduglas 
nc-9, seating 80 to 90, Vith I 

i . ajmaximimJzaKeQ^f^weight c^^^^^ 

ld8*,0OO' p9unds', '(AF uses G-9/ 
• hospital ' plane :> ver siort) ; Boeihg 

727,* somewhat larger tri-je^t^ \ 
- ■ carries 94 in mixed class / j. ^ 

• seating, 134 all coach. A " i \ . 
. stretched 727 really belongs 
in 'large class; 737 is a 
Smaller twin jet. 

(3) Jumbojets arid Airbuses — new class 
of giants . . '\ ^ 

» . ' • . ' ■ . ' 

•(a)- Boeing 747 is. largest coiranercial . 
plane and second largest and 
heaviest plane after C-5 Gal^ixy. , 
It se?ats over 300 in mixed 
clasii and up. to 495 all .economy. 
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(b) Other\;large jxiinbojet or "airbus" 
^ types jf iyinig ' ox- nander develop^. 

ment are: McDonelX-Douglas 
^ DC- 10) Lockheed Tri-Star 
and tfie Efuropean Sud Aviation 
and Deutsche Aifrbus A- 3,00. 
All Will have dngines; of 4D/000 
or more pounds jof thrust- each • 

* f . 

(c) .tPhe nfew class 6f ' giant aircraft , 
1 *, will provide two types of trans- 
j porta tion^c-^-a^ roomy, luxurious 

I . , transoceanic Mners/and as \ 
I ' "airbuses" of Jlarge\ passenger 

i v > oaf)^cit^Sin all-ecomomy class. , 
1 ' The [latter will proyide jlow-- 
! . . cosii transoceanic flying ^ and *^ 

j • alsb serve on short hxgh'-deri^ity 

\' I ci ty -to ^ ci ty : runs . ; \ , 

i ' . • 1 r" * \ ' 

Hhe. Supersonic tensporfc (SST) has been 

matter of h6t" controversy in recent 
ilimes.^ the ^USi vensioni :^y Boeing is 
cancelled* but thd BiMi:'ish-French Concqrde 
and^the .Soviet Tudolev--144 .fre Hearing 
operational s|^tus|. 



♦Update note: Texfcbook footnote on -pi. itfV 
notes CongressioBajl* -rejection of SST \ 
funding, in 4Marc9i^ 1871.. Siin<|:e then / fate 
of 'SST was, virtually sealed ^when Bo4ii)y 
officials themselves demurred another / 
ef|ort by. friendly congressmen to jrevi/ve 
the pifoject, stating that cost of' 
reestablishing* the project after cancella- 
tion would fair exceed the amount offered. 



(1) Foreign versions o£ SST are smaller 
and slower (l2€ passengers, mach 
than' BoeincpSST as g'tknned. , 

(2) ^Pl^ns for Boeing- SST were: length 
,280 ft. ; wingspan, 142 ft.; capacity 

. 350 passengers; cruise at mach 2.7 
" ' (1800 mph) . ' Four engines of 67/000 



pounds each would' add Vip' to most 
— gowertul 'engines* and-greatest- 
' total power playit in aviation 
history. . ' . " * 

'(3) Supersonic development in past 
has been all military 

(a) Military supersonic planes , ' 
nave been light and have been 
short7 range "supersonic dajsh" 
•bapability (long-range cruise, 
if at all, is subsonic). 

(b) B-58 flew oceans supersonically 
with refuej.ing ^ . XB-'O ^^d 
supersonic bruise but, despite 
500,000 pound maximum takeoff 
weight; 'lacked pay load capacity. 

(4) Thrde presiients — Kemvedy, Johnson,- 
and Nixon, \have backed the SST, 
but have had to fight opposition ^ 
all the way A 

(a) Ai/gumeht^S against it inqj.ude , '. 
auQstioni of neqd for this 
iu:tury in terms pf general 
economy, as indicated by lack 

'/cjf ! industry's ability to foot 
'"^ th^ bill i-tself; sonic boom, 
j^llution, airport noise, and 
" ojJier atmospheric disturbances. 

(b) ' Pro arguments are that ^SST 
wilil lead competition on basis 
of 'passenger preference 

• reg&rdless of "need;" foreign 
■ SSTb will profit if we don't; 
> nation's leadership in aerospace 
* technology will suffer from lack 

of support. 

(5) Question of "sonic boom deserves 

special attention. Regulations ^ 
forcing SSTs to fly at high altitude 
' would probably alleviate problem, 
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^ but guestipn of economy^ and' . . . . 
c?onvehience of requiring SSTs to 
hold to subsonio speed before 
reaching required altitude 'is still 
unsettled. There is also question 
of engine noise at aitports. Is it 
wor^e €han that of present-day 

. subsonic jvunbojets? , 



SUGGESTIONS FOR TEACHINGi 

aV Suggested time 



Number^ of Academic V 
Periods ppr Week ^ 



llecoinineMed Number of Pe^rxods 
■ fo» Each' Phase 



-t-r 



This phase lends its^l^ well to the lecturp-discussion 
technique, ' Indeed, ilt lias more trieat fqr discus^sion 
tJian 'other phases because it deals with controyers:v^l 
topics ♦ A classroom .deb^ate is a natural far the SST 

- topic^. Note above, behayioral objective b.,. , There are 
other controversial topici suggested by topics in this 
phase.* The textbook does; not explore these, but the 
instructor need not feel ^quamish about bringing* them 

. up or at least letting students bring them. up. Teacher 
should, of course, maintain his own objectivity and •let 

. students explore t^ie pro* si. and con's of issues concern- 
ing commercial^ aviation. * phe' alert ''teacher can serve' 
as referee and should be capable of bringing the ^ 
discussion back- to .tihe .*f acts \if it strays too far' from. ' 
them. Aside from' the ^ST,' su^ch^issues include the ^ * 
financial troubles surrpiondincf the Lockheed L-lOll^and 
its Rolls Royce engii^fes , arid the problems of declining 
passenger traffic j.n'the fape of new airbVs development. 

Students can present written or, oral reports. ort* either . 
airline or aircraft companies.^ -The press is full of • 
details on hew developments in the field. Brochures 
and other literature can be' obtained through; public- 
relations or advertising divisions of companies • 
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d% student assignment ,/ read pp^ 

INSTRUCTIONAL AIDS: ' 



19-1071 



a. Maps, chai±s, posters, etc.', , of relevaivfc\info*rination 
from airline 'aon?)anies and aircraft indus^ 

PROJECTS} 

a. Another group airport visit (see Projects, 'Phase V) 
can be made, this time with emphasis on commercial 
aviation and facilities. 

b. Invite a jrepresentative of commercial aviation to 
speak on the 'relative merits*^ of jet/ passenger 
aircraft of different types. * i 

FURTHER READING i . - 

a. fI*aylor, Johni Wv R. (Ed.) Jane's All the World's 
Aircraft . McGraw-Hill*, . latest available edition. - 

b. Check your schpoi and community libraries. 
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• ' This pbaselicguaintsNhe student with the variety of 
-tasks which- aircraft peisform in the i^ir Force, and 
some of the design featur^ which adapt aircraft to 
these tasks. Som^ of the se^air craft have been mentioned 

' .' in previous phases. Here- the^^^phasis is on function in 
terms • of commands and their missions. A section is. 
devoted to each Of five Air Force commands which. are 
principal aircraft users; and describes the particular 
aircraft it uses." i 

1, PHASE VII OBJECTIVES - Each student should: 

a. Know the Air Force commpds that, are the principal 
users of aircraft. ' 



b. Know the relationship between the design of principal- 
\ . Air Force aircraft types and the missions of the(, 

commands which employ them. , 

c. We r Stand the categories and designation codes of 
military ' aircraft . ' \ ■ 

2, BEHAVIpR^LlOBJECTIVES - Each student sjiould be able to: 

a. Name w|:~least four Air Forpe commands that are 
pr'incipal users of military afiiroraft. 

. b^ \outlihfe the mission of 4t least three Air Force-^ 

commands that are principal users of military aircraft. 
'• ' . . t ' 

c. ' jpxplain »the letter and number, designations of at least 
- . ' five -Air Force aircraft. 

...3-. TEXTBOOK OUTLINE; l 

a. Functional character of Ail: Force aviation- 
CD "Systems" rather than!" aircraft 

(2) • Ada|)ted to missions of five primary using • 
coimands \ 

b. ATC Trainers , , 

U) Undergraduate Pilot Training (UPT) program 

(a) Primary Cessna T-41 (propeller) 

(b) Basic jet Cessna T-37 (subsonic) 

(c) Advanced jet Northrop T-38 (supersonic) 
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Tactical Warriors - " •; - . 

(1) Theater nature .o-f tactical warfare 

(2) Missions of tactical arpower 
■--^^ (a)' counterair 

^^(b.) r Interdiction • . . 

^ close. suiiJport . ^ - -J 
(d>c Reconnaissance and- observation 
(e) Airlift " . 1*4. 

Supersonic fighter and reconnaissance .aircraft • 

(1) Defiyiitioh of "fighter" —air- to-ar capability 
^'and supersonic speed - „ « i c 

(2) Fighter types: P-100, F-105, F-4, F-111, P-15 

(3) Reconnaissance airplanes adapted from fighter 

(4) subsonic attack-, obsfervatxon, special 

(a) Subsonic jets: A-7D, A-j*37, EB-66, B-57., A 

(b) Propeller-driven: A- IE, AC-47, AC- 130, 
AC-119, 0-1, 0-2i iJ-lO, OV-10 

ADC Interceptor and: Waging aircraft 

(1) Mission of ADC. - . 

(2) Fighter interceptors , ■ . 

Ca) Types— the F-106, YP-1'2 ^ 
(b) Fighter oj>erations (value .of manned inter- 
ceptor) * j 

(3) * Early Warning ,!and AWACS . ' 

(a) - C-lil Waj?ning Star and -operations 
, . (b) . £wACS concept and op-erations 

The SAC Global Fleet \ . ■ ' : ■ 

ilS^ BQTtb&Tk -J — V 

• \ (a) 8452- - ; / 

(b) fbViii : . . ■ . - 

^ (c) B-r cGhcept and operations 

(2) Other SAC aircraft * . • 

(a) - SR-71 reconnaissance 

(b) KCviss, tanker and command post 
. MAC Technic"ai Specialists 

.(1)' Hospital ships— C-141 and C-9 

(2) ■ ARRS aircraft 

Ka) - Helicopters— HHr-3 and HH-53 
(b). jPixed-wing— HC-97, U-IS, HC-130 

(3) Photomapping— RC-130 • • • V 

• (4) Weather— WB- 57, WC-135, WC-130 
Designator code.s'< (box on p. 138) . ' 

. . . 
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a. This phase is tied directly to the first phase of 
this unit, which deals with military air transport. 
It also. is related to parts of anotl^pr unit. The 
Aerospace Acfe, -In next year's curriculum, thriunit 
Military Aerospace will .provide more detailed ooverage 
of the employment of aircraft in war, which is intro- 
duced in this' phase,. The theme reiterated throughout 
this unit IS especially stressed in this phase— that 
aircraft design follows aircraft function, and aircraft 
function follows. command mission. 

5. SUGGESTED KEY POINTS; " ' 

**/T icrx n-,„ ' ^* ^^^^ advanced aviation technology' 

**(J-156) pp 739- is in the field of military aviation. 
**/T oc^ «n ^^^^ aircraft is designed for its - 

*/T o?f^ PP,;n"H^ mission in evesry respect; -hence the 
J-24 pp 319-46 term. "system" is preferred to "aircraft" 

describe the aircraft and'.all its 
U-^i C} weapons and controls. Virtually all 

' -types are found in the aircraft systems 

used by five principal using Air Force '. 
, . commands. 

• " ^ . b» The Air Training Command (AT.C) is the ' 
principal user of training aircraft. 

In the Undergraduate Pilot Trkining 
Program (UPT) , three aircraft are 
used. 

(a) Only 30 hours are spent behind 
a propeller in a simple 

. Cessna T?-.4l. 

(b) . The Cessna. T-37 is a light 
' . twin jet with a spefed of 350 
V mpl); the trainee has 90 hours 

in this aircraft. 

(c) The Northi-op T-3 8 provides 120 
hours of UPT. It can reach 
55,000. feet or a speed of 
850 mph (mach 1.*) . • 



(1) 
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(2) Navigation tta^-nifig is provided . 
in-the T-29, a propeller-driven 
transport fitted with multiple sets . 
of navigation instriiinents. ^ 

The T2U:ticai Air" Command (TAG)., along 
with overseas commands , uses a wide 
variety of aircraft for limited warfare 
in a geographic 20m of action called 
a "theater." ' \ . 

(1) The five mq!ssions 6f tactical 
airpower eure^ 

(a) ' eoiinterair--inbluding both;, 

air defense and efforts to/ , * 
destroy en6my airpower on the 
' ground. . 

* * '* 

(b) Interdic'tion-f-deep strikes 
behind enemy lines to put off 

. ' • supply and communication lines • 
'to.,the,bat:tlefield, Bot^i- 
' counterair ^and interdiction 

jhissions call fo?;: supejpspnie 
.;^..;li^hter•s'''fie•cat»s^■"'ta^^et^ "'are 
. . /well defended and enemy figh't:^rs- 
.» may be encdunteted. • . : 

(c) 'C^ose suppo.rt — backing ;up the 
, . firepower of ground forces at 

request of latter ^, ■ Both. fighter 
and subsonic attack aircraft, 
including Army helicopters, used, 
>' •, ■ , ^ ' ' • " ' 

(d) Reconnaissance and obitfervation . , 
Deep missions^ behind enemy line's 
require fighter-type .^RF) air-, 
craft... Visual observation 'Wid 
direction; of close-support and 

, -ground f .ire done from light " 
* . airplanes like 0-2 by Forward 
Air Controller (PAc) . ' 
" ' \; , '\ ■ 

(e) Airlift^ — already di^ussed in 
'■phase 1. Mission sh^ed with .. 

Army helicopters. Gop^ STt)L 
, capeDaility preferred.. 
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*(j-156) pp 49'6-509 (2) Supersbnlc, aircraft are used as 
^ " '". ■ ' , fighters, an4 teconriaisfahce ships', 

.A "lighter" is defined' as an air- 
. ' craft with air-to-^air capability, 
even though it may be used mainly 
' against ground targets. . 

, . (a) Tighter tyges include F-lOO 

' W " Supersabre ffti^ch' 1) sometimes 

used as Sup^r FACT plane ,^ F-ID5 ^ 
• , Thunderchi^f / up' to 6' tQns / 
. * . - ordnance, mach 2. .25; F*-4 
. ^ / Phantom II, armament 7 tons, 

^ , * mach 2.5^ ceiling above $6,000 

r' 1, .feet; F-111 with swing wings, ^ 

/ , • ' largest and heaviest — ^^11- 

• . ' weather avionics ;^F-5 Freedpm 

* , Fighter (used by" allies) modeled 

^ ' . a^ter T-38 trainer; F-15 ^ » 

' projeoted air-to-air fightfer^ 
\ / » . ' mach 2»5, high ntaneuverabiiity . 

J * .-(b) • .Reconnaissance planes 'for deep 

, ^ ' ^ - mi^sicins must carry heavy load 

' ^ of equipment, fly unarmed* 



^ Fighter flight capabilities ; 



(3) , S?4bsonic attack, Observation and 



Special aircraft include: 

* ' •■, 
,(a') * Subsonic jet^— LTV* A7D Corsair 
II/ heavy .armament/ advanced 
avionics 'for low- level flight; 
\ ' - ^ A-37 based on>.T-37 -:trainer, - 
can.; cafry over 5,000 ^pounds of 
weapons ; aging bombe'rs '^ifiow used 
' 4dr special missions like EB-66 
^6t;-B^57v RB-$7. A new attack 
axtplaiie'', ; the! A-X, *SrithVtwin 
tiirbofan engines, is plarxned. 




1 



Propeller-driven attack rand * 
.special aircraft have many uses, 
especially in theater like/SE 
Asia. A-i Skyraider ^has advkntage 
^ .of great maneuverability., ^ ^ 

\ Converted cargo-attack planed' \ 

have huge weapon pay loads but 
^' ^ * need backup ^of f ightprs for 
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performing their: role^ Th^se include . 
* AC-47, AC-199| AC-130~a5,l armed with^' 
fast-firing miniguns or Vulcan cannons. 
Light observation and utility craft 
inciiude 0-1 Birddog, 0-2 Skyniaster, , 
Helio U-10 courier (excellent SIOlV, 
OV-lO/is advanced turboprop . STOL type* 

The Aerospace Defense Command uses aircraft 
for the mission of defense of United States 
against manned bombers. 

(1) Fighter interceptors are'^^^lik^ tactical 
fighters but designed primarily for 
.air-to-air. combat. The F-106 has ; 
high speed ^(mach 2) special armament/ 
[^^ - aijid close grbvipd- control 'avionics. 

(a) - The/Pvl5, n > 



(b) One possible improYement is 
P-106X. 

(cX Another ^ssibility is YF--12ft, 
, . a matih 3 high altitude aircraft 

which' could operate^independently 
of ground control. 

. (2) .^Barly^vtarning aiid;. airborne, command*- 
and-controi Systems are also useful 
^ in air defense. 

• * (a) ECrl21 'provides ea^ly warning 
' surveillance. 

(b) Airbotne warning and control 
system (AWACS)^ will Provide 
surveillance plus commandrand-" 
control to take the place of 
present-day 'ground-baseV 
systems* 

SAC maintains a fleet of manned aircraft 
to deter aggress ioh by meahs of thefir 
global range. > 1 * 
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(1)' Hpige subsonic jets lilce B-52 have- • - 
grea^ pay load and flexibility r buts^^ ^ 
niore modern bombers are needed.* 

(a) PB-lIiv employs the. swing-wing , 
principle,' has. super&onid ^ 
dash capability but a pay load - 

' smaller than' fi^^S2» * 

(b) . The proposed' B-l wouljd combine 

B-52 p^ylo44 with ^supersonic 
capability, it^ will also have ' 
- swing wings*. 
" ' ^ . 'J V " ' *" ' " 

{!) Other SAC aircraft include SR-71, 

based on tFTiaA^'Jong range supersonic 
reconnaissance aircraft* Boeing 

not onl:^, SAC , , 
but other commands,. Other C-^135' " 
, vergigns- include RC-'ISS an^d EC-135 • 
for radar recdrin^is^anc^' and flying 
command posts* •* / ' / 

MAQ airlif ters, werei^^iscussed in Phase I, , 
but MAC alsc);,f lies parlous special aircraft 
worthy of mention': | ^ . ^ . * 

(l) Airlift fleet- includes airfev&c 

; hpspital" ships C-141s for ^rans- 
. oceanic' airlift and speciailyj-designed" 
- converted DC-9 airliners (sfee -Phase 
VI), the C-a", for domestic ^tevap.* 

ARRfi uses 'or trains mer\ in '.\iss^of: « 

(a) .^^elicopter^ like HH-3 inkl HH-53 , 
.<'se^ 'PhasQ VIII) . \\ • 

(b) Fixed wing like U~16 Albaltross... 
flying boat, HC-97 and HCrl3A^^__ 

(3) Also photpma^ping, RC-130; and . V 
■ weather. service7^MB-57, WC-135,\ 

*?c.-l30. ■ « ■ A / 

... » . \ . • 
A letter and numerical code can be' used' ^ 
to identify all aircraft, used in the 
armed services (text p. 138). ; 




SU66ESTP.S fi)R TEACHING; 

a» Suggested time 



Number of Academic 
Periods per Week 

1 




coininend 
f oi; 


led Nuir 
. Each 


iper 'Oi 
Phase 


: Peri 
* 


-ods 


1 






. 4 


5 


6 


——2 . 




X 










.. ' 3 






X 








. 4 






X 









b* Since this phase is;' ^eatiy expanded over Phase VI 
. • ^6t pre'VidUs ^e^^s xxniH, .greater classroom time 
allbtment is called for. However/ the instrtictor 
.should avoid the temptation to overdo it. T^lere 
will be more penetration**bf tHe roles and missions 
of commands in next year's Military Aerospace iinit. 
Here treAt this subject no .more deeply than neqessary 
to explain differences in aircraft dejsign. Poi^^ 
example> why-^jre de^ire^ in 

"i:"- qr ••fighter"^ planes and others in "A" or "aHack*' 
Pianes? For another ..exanple, note behavioral. ob;j active 
c above. More^ can be learned £rom a specific ^ 
, cornpariaon between the F-r06 and the P-4— two super,-* 
sonid fighters* adajpted to the missiqns of <Ufferent ' 

* * .commands^-- thaji , from a more general discussix)n of the 
loles of the two commands. \ ^ ' * ^ > 

cture-and-discussion method Recommended. Audio- 
i\ vlisual respurce&i are particularly rich fpr^*^iis 
..phjase, ^(as.'|6ompa^^ to poverty for other phases). 
Note espec^ialJ^ alidep^ which, can be flashed pn 
screen while makiag a claksroom "game", of aircraft 
l:4cognit4:<j^n/' ' \\ . " ' - 



e* 



Students ought' t6\|naster the letter-cind-rjumtier code 
for designating. rd:l it A quiz^ ^Aould . 
be uis^d -to reinforce tn|ls section* 



The ^instructo3^^ay 
ai^creif t aa^ disc^ 



V(aht tq review-irtxlXt 
sed in Phase I. ' ' , i ' 



^Student assignments 
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Series .22, "OS^ Aiirferatkt 
£lerii^s 73/.:Eacticaij^ft4j:. CoftS^nd J 
ife^ies 7"7-^. stratdgib Air Goitwrt^Q '"^''^ 
;^^i^?v,78f Aei*G^^^ce' Defense Cdiimiacd. . 



■/'.'■ 



/ .(1) rR 883,- SAC,ir^ the-;Westenl"vi>acifitf;^ 10 raift 
v2 ) f fe;.64a • 'Ait ^ow^r ; in Adtion , • 13-"ifttin . , Color , " ' 



'•- • f \^ ■'••V " ■'•A. , ■ V- 

-Vv,. ,OT SPP^118.'7 TAG ori^Targp^^;^. l^rtiTi:.;,^ 

V: .^S?34i %e C-5--.pfcat"i:t: ls, What'^i^t- Does . 

(§) TF-6172C'' .,P-.uir Weapons .Systefc^^ Chai'ac- 

^ ,. t^ra^tics/;:.?B^ 

■ ' : i^vei^p loc^l'' pro^ei^tfi faa§< 

'9. 



faa^ed on your students' interest. ^ 



FURTHER REtonfe'-' 

a. Air Uhxv^rsity /'■ history 'of the USAF . Air University 
£ • Air.FcJr<j^,R9TC, iSteS^ pp. 11-2 to 15^8: . . 

, ^' ' ^^^ '^<3rce jjle^cjagiri^ . istesti almanac issue"- ' V 



:',c, (rajyloV' J^^k ^fiv'i^,. (k,) Janets All' the Lr id'a- 
-. jAijycr^ft ^ ^eG^rawr.Pi|Ll,/ latest 'avaiiablj 
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PHiSE VIII - ROte WING. STOL AND V|iW AI^IM^^^ 

Wi^Ji increasing problems of land. co8<fs geographi<? 
lo<:ation/4nd space requirements forllsmdings and 
taJ;eoffSr both military and civil aviatiqn circles 
ar€ becoming irictea'si^ngly interested iri develppment 
of aircraft wim yerp.cal and/or short t^eo^f and 
lar ding.Gapab!i|Liity>. This phase takes a historical 
approach to thp .ptoblem^ discussing the Evolution of / 
auttigiro ahd conventional helicopterj to modem j 
advanced helicopter concepts. Current experimentation 
hasfled to the/ development of airplanes ^fith SUOL and 
VTOL capability, j oAe fighter VSTOL type is already 
operational; c^i^er aircraft are still in. the .experimenta^L 
state ^ having ^exjJerienced both succeisses j and failures. \ 
As^with the SST^ ^e stjrive for an honest and objective 
apprai^sal of . the problem and' its possible solutions. 

PteE VIII OBJECTiIVES ^ Eaqh student should: 

Know ^ the general development and performance 
characteristics o'f ro'tary-^wing aircraft. 

r ' I ^ 

i /tJnderstand the meaning of VTOL and^SQCOL and* know 
^^the Air Force st^dards; regarding STOI>^rformance. 

c. Know some of the special features of VTOL ai^STOL 
aircraft. 

BEHAVIORAL OBJECTIVES 7 Each student should be able to: 

a. Trace the development of a particular helicopter 
cind describe its perfprmance limits". 

b. Define VTOL aftd STOL in off iciail Air Force 
9 



terms 



identify at least two VTOL or STOL aircraft and 
discuss a , special feature of their depign and 
function. 

TEXTBOOK OUTLIj^EO 



Problem /of land eireas needed 
takeoff s and leindings. 



for conventional 



(1) 
(2) 



(1) 



Civil 
Military 



'b. Rdffary-Wing Aircraft . 



The autogiro 



I-5'5 



Ob 



i 



, (a| ! Preceded the helicopter / ^ , 

1 (b? unpowered wiii^i,lling .rotojf / ' , ^ / ' 

(2) \ Hfelicopter Charact6rist^;cs , / . ^ | 
I I (a) Principles of i powered | rotor for VTOL ' j ! 
: I (b) ntawbacks; thigh/costi liiaited speed, " ' ' 

I limited pay load/ limitifed range; i . • 

(*3) 1 Compound pd. Hybrid aelico|fcersj ^ >t J 

(a) Compo'und helicopter aps cionventiOnal '; 
. * (forwird- thrust ) V- , ' | • " I I 
. -;(b) jHybrid helibopter uses va^^iou^ modifications 

jbf rotor itself: stoi/abl^ rojior, proprotorj, 
and. delta-wing rotor * •' / 

c. - STQL Airplanes • * ; 7 

(1)1 STOLldefiined (50 ft. obsteple/ 1500 ft.) 
/ p). Valti lod STOL (in compjarisbn with VTOL) ' 
,|, (a) r tower cost j 

(b) 1 Less encroachment on speed, payload, and 
1 raijge • , , ■ 

(c) \ Maiiy suitable larding sites 

(3) 1 Some! STOL Chsratteristlics and Problems 

(a) Basic ch ariicterisitics ; high-aspe,ct- 
rati'on v;.rtgs, extixa airfoils and- flap 
area, hl<jh' thrust- to-weight 

(b) |\Deflecte(i slipstream, and other means 
f incre asing Bernoulli jeffect at slow = 
akeoff. and land: ;ig speed 

(c) I Safety problem and rules to bi^eyent too 
low sp€:2d 1 \ 

(d) 1 ^udden takedff acceleration: JATO and 
' : ' carrier joatapult 

(4} Represtei^tatila- STOLj types 

(a) Ptopellec models: De Hiviland series— 
U^i, C-| and"x^h8, Bregu^t 941 (McDonnell- 

" DoiiglkslksS) 

(b) Soviet jfet-lift STOL fighter|s 
'd. Rotary VTOL imdlVSTOL Aiprcraft ) 

(1) Turboprop vSTOL conjcepts 
• ■ . ■ (a) X-i9, K-22 

(b) XC-fl42) 

(2) Jet VSTOL dontiepts , 
(a) Pivoting! engine {VJ-IOIG) 

v(b-) Fan in 'wing (XV-^A) | 

(c) Combination incliidin^ shifting duct 
(XV-4)\ , 

(d) Swive ling- nozzle (XV-j-6A Kestrel or P. 1157 
Harriet) «v 
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This, is the final phase of the! unit * Aircraft of Today . 



It takes its departure from 
current problems and future 



th^ subject by dealing with 
solutions by means, of new , 



advances iri aircraft design, i^cademically speaking, 
this is..pilso an "advanced" jtopic The student is^riot 
prepared fa^ it without study the preceding phases. 
Not onljy dofes this phase tie in with preceding phases 
on .aircraft^ types, but a review of basic pri<icip3,es of ^ 
aircrafit cpnst;ruction and;plrinciples of flight is also 
necessary to understcind how these Scime principles work 
in design of STOL/VSTOL aircraft — and also how they 
.create oJ^stacles and probJ.^fe which designers and 
flyers niust overcome. ^ The student, now ready to address 
hirtself \to other uaits in the ctirriculum, may not be an 
expert on modeHi aircraft, but those he sees flying about 
' hinv willi mcike sense to him, and discissions of aircraft 
and aviation in current printea and broadcast media can 
be uhderstood with the intelligence of an informed 
citizen. . ' 

'5. SUGGESTED KEY POINTS: 

a. A serious cind growing problefn for modern 
aviation, either civil 'or military, is the 
excessive amounts of land areas needed for 
takeoff s and landings. Bo th^ remote areas 
and congested urban areas have this same 
problem in di^fferent fonrvs. 

b. Rotary wing aircraft are one answer to 
**(J-2) pp this problem, but there is a need for^ 

382-405 aircraft that can coiftbine the helicopter's 

***(J-14) VTOL ability with high petformance. 
PP 11/ 12, 

13, 26, 80, , (1) Predecessor pf the mo4ern Jielicopter 
97, 135, 215, was the autogiro, developed in the ^ 

270, 381, 1920s. It ^chieyed near- VTOL capability 

394-5 by means of -a free-windmilling rotor. 

**(J-21 C) (2) Helicopters, developed Since World War 

II, use rotors, both for lift and 
propulsion, using a swimming or 
"flapping" motiort of i-otors. Their, 
limitations are as follows : 
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(a) post, more expensive than 
, ^ i^irplanes of comparable size. 

> 

(b) jSpeeci mostly under 150 niph, 
but certain advanced models now 
exceed* 200. 

^ - (c) jpayload--heavier models' compare 
jto lighter transports— 9 to 11 
i tons . 

(d) Range— usual radius lOo' miles 
Of less but rescue helicopters 
like Jolly qreen Giant and 
Syper Jolly cen achieve 575 
Of- more. 

(3) Advanced helicopter design^ and 
* ' concepts include: ' , 

(a) Compound helicopter, notably 
^ t?he^ AH-51 Cheyenne, recently 
Considered, but not adopted by 
, the, Army. Confound helicopter 
includes - conventional rotor 
plus forward thrust. Cheyenne 
has rigid' rotpr plus horizontal 
• control rotor. 

. (b) Hybri^ helicopters change rotor " 
jposition or design for more 
efficient forward flight. Examples 
§re German type with stowable 
rotor >• propro^or in which rotor 
* converts to forward- thrusting 
.pro^)elLer; delta-wing rotor in 
^ which triangular rotor stops to. 
become delta wing. 

^6hort takeoff and landing (STOL) is a 
relative term. Air Force defijies it as 
ability to clear 50 foot obstacle 1500 
feet frdm start of tiakeoff run— easy for 

<a light airplane butt requires advanced 
technology for heavier,. or faster aircraft. 

(1) Despite bhe fact that, compared to 

VTOL, STOL performance is inadequate - 
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for some purposes 
STOL is of great a* 
military and civi 

(a), Short fields 
i can be found/ i 



^especially rtiilitary) , 
ant age in many 
ituations. 
/ 

d StOLport sites ^ * 
many' areas • 




(b) STOL airplaries ban be built more 
cheaply and witfi less sacrifice 

' ' of performaifce than most VTOL 
airctaftr iili the present state 
of tie a,rt. 



(2) 'Certain design f 
capability, but 
problems : 



2atures provide STOL 
there are attendaii[t. 



(a) * Wings of high aspect ratio, 

extra airfoil areas, slot$, 
flaps, and fences are foahd in 
airframe STOL designs, [le^cipro- 
cating engines or turboptop ^ 
engines of high thrust-to-weight 
ratio are effective* 

(b) Deflected slipstream, channel 

. wing, and other devices, increase 
Bernoulli effect at slow landing 
and takeoff speeds, but too slow 
landing and takeoff speeds are 
a stall hazard and regulations 
demand minimum speeds. 

(c) On th^ c^ontrary, there are fast 
/ STOL t^doff methods, employing 

1 auxiliary rockets or jet engines.' 
The Navy -method of using catapults 
and arresting- gear on carriers' is 
used on dry land by equipped 
landing fields called SATS, by 
Marines. . ^ 

(3) Representative STOL types include 
both propeller models and a Soviet 
jet-lift. fighter design. 

(a) Notable examples of propellet- 
driven types are the DeHavil^ind 
serieg used in US armed f orcffes : 
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U-1 otter, a light transport ;f 

Caribou, reciprocating , 
medium- Ught; C-8 Buffalo, heavier 
turboprdp; Breguet 941 (also in 
American 188 version) 56-passenger 
turboprop with deflected slipstream. 

(b) Certain Soviet figljters have down- 
ward-aimed jets to /provide STOL 
assist, permit supersonic 
perfo3nnance. \ 

4. The most advanced aircraft are fixed-wing 
' *(J-21 C) aircraft which also have VTOL Capability 

*(J-2) p. AOy" (usually both" VTOL and STOL or VStOL 

capability) . ^ , 

(1) Turbopropr^STOL designs incltide: 

' CaO X-l9 (central engine tilting 
propeller nacellep) 

■ . i 

(b) X-22 (tilting engine-propeller 
\inits in ducts, fixed wings) 

(c) XC-142 and Canadian Dynayert-^- 
wings and propulsion units tilt 
together. XC-142 experimental 
project scratched because of 
instability but performed many 
successful-flights . 

(2) Jet VSTOL designs include: 

(a> West German* VJ- 10 IC, with vertically- 
pivoting engines, supersonic speed.. 

(b) Ryan XV-5A, with flat lift fans 

in wings, operated by jet exhaust. 



(c) Lockheed XV-4 Hummingbird project 
with six jet enginest using a 
variety of lift principles. 

(d) XV-6A Kestrel, now a British 
operational fighter, the P.II27 
Harrier, v/i,th swiveling-nozzle - 
Pegasus engines, capable of lift 
or thrust. 
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S. SUGGESTIONS FOR TEACHING: 

a. Suggested time 



Number- of Academic 
Periods per Week 


Recommended Niflnb6if of Periods 
for Each Phase 




2 


3 


4 


5 . 


6 


2 




X 










3 






X 








-\ 


^ \ 

1 

4 








X 






— A 



b. Th^ lecture-discussion methbd seems to be about the^ 
be|^t way to accon^lish the objectives.- 

I 

c. After the instructor has given the, basic information- 
to the students, there are several ways to get good 
student discussion and participation.' One way is to 
have students prepare, before class, a list of jobs 
that the helicopter could perform. During class in 
discussion a master list could be made and put on the 
blackboard. This type of discussion is sometimes 
called "brainstorming" and should result in many more 
ideas than the students originally had on their papers, . 
as ideas usually will generate new ideas. 

d. Areas of the phase can be assigned to individual - 
students or small groups of students for oral reporting. 
Helicopter^, STOL airplanes, and VTOL or VSTOL airplanes 
are three such areas. 

e. A guest lecturer with competence in one of the subject 
areas of this phase should fee df great interest. 
Expertise in advanced STQIi/VTOL concept^s may be hard 

to find in your locality, but there may be. a civil,' , 
Air Force, or .'Army helicopter pilqt oT crewman available. 
Perhaps an Kim Force .E>ilot qualified in the C- 7 Caribou 
or OVrlOBroJco may be available. He can provide sdme 
insights into flying of STQL-capable aircraft. 

7. INSTRUCTIONAL AIDS: ^. , 

a. FILMiSi ; "i" ' ^ ■ 

' <. 

(1) 'i;F-i-3677 The St^ry *of the Helicopter, 21 min. , 
1944. ' * • 



(1) TF-1 



. I»61 



■ / 
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(2> TF- 1-5181 Helicopter Orient;ation — Introduction 
' to. Rotary Wing Plight, 27 min.-, B&W, 

1952 . 



(3) TF 6279 

(4) - TF 6262 



/ 



7 

C-79 Operations, 20 min., Colpr, 19&9. 

Air Force Helicopter UH-1 Tactical 
Operations, 20 min. , Color, ,1970'. ' 



b.' SLIDES^ 



(1) From series 17 (US Army Weapons): 17-22, 17-23., 
17-2-4, ^17«-25, 17-26, l'7-27., .17-28, 17-29 (Aijmy 

• ' helicopters or STOL airplanes) 

(2) From series 21 (advanced manned systems.)": 21—15, 
21-16, 21-17 (XC-142) , 21-18 (OV-lOA) ' ' 

« ' <> 

(3) From series 22, USAF Aircraft. .22-8 (UH-lF 
helicopter) , -22-9, (C-7A Caribou) 22-34—22-37 
.(various -USAF helicopters) 22-54 (U-10 Courier). 

PROJECTS: • • . 

Develop local projects based on your students' interests. 

FURTHER READING: ' . ' ' - . 

a. ^Federal Aviation Agency* The. Helicopter and Other 
VSTOL Aircraft y Growth to Date and Forecasted Grpwth* 



b. Taylor, John W. R. (Ed.) Jane's All the World.' s 
Aircraft . McGraw-Hill, latest available edition. 

c. Air Force Magazine , latest almanag issue. Also 
consult index for relevant articles in other issues 
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FILMS FOR MBSMLQEJQM . 
L. / Phase I: - , . ; 

a. XJSAF ■ ... , •. , 

■ • " * ' ' V " - > •• ' 
a rss* 1. FR- 764 - Impact of the C-5A on /Logistics ^ . 

- ; v ' .22 n\inut6s, B&W, 1967. , ■ ■ 

p. 49-7" 2. SFP 1768 <:-5'Galaxy, 28 minutes, Color, A969.^ 
D 497 3 SFP 1797 Th^ Indispensables: KC-135 Air 

* Refueling, 24 minutes. Color, ,1970. 

V - 506 ■ 4;. TF 6'350 C-47 AJfmed Transport, 20 minutes, 

■ • • . . Color, 1970t.. • 

' b. LOCKHEED-GEORGIA COMPANY 

1.. C-5 Galaacy Status Report, 10 minutes, 1969. 

This film shows some of the main evehts in the p.rodudtion 
and- flight, testing o|f the C-5. , '>i, ' 

2.-, Thirty Minutes to Go, 17*s minutes, 1968. 

This film describes the quick turnaround of the Lockheed 
500 (L-500)', off-loading] and reloading. : v ' ^ . 

. 3. Cast a Giant Shadow, 24 mintxtes. Color, 1968.. _ ^ 

This film presents a detailed look ^t the C-5 transport*. 
It shows Its basic mission and corollary applications with a 
brief account of the manufacturing process and dramatic view 
*of its first flight. , . . 

4. Command i>erformance, 14Js minutes , .Color, 1965. 

» - - ■■ , - * ' 

-This film was designed to introduce the C-141 to the 
military forces - and geheral public.. The" .main features of this 
plane are illustrated- and explained. 

'*• " ' » 
- 5. On. peck With. Hercules, 6Js minutes. Color, 1964. 

This film is a documentation of the United States" Navy 
uses of the. C- 130.,, It includes the Ski-13d in Antarctica, 
in-flight refueling^"' of jet* fighters; Navy tests qf landings 
ai>d take-offs pn board an aircraft carrier. 

* >his is the' page number in AFM 95-2, vol 1, dated 11 March 
1970,. including changes 1-4 on which the narrative for the 
film can be found.' ' . * . . \ 

. . I-S2CU 
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Stailifter^ A Biography, 20 minutes, .Color, hot 
>^ dated. ^ . > ' • 

This film shows the' development, testing and production 
of the C-141 accenting program management, test simulators and 
assembly of the first fjlane. - • - ■ 

7'. Starlifter:^ New Dimension in Airlift, .11 minutes 
• ' . \color, 1964. ■ • 

- ■ X/ \ • \ ~ . . 

This film presents k documentation of airlift capabili- 
ties of the C-141 and broad global logistics role dt- will play 
for the 'USAFUround the worlor^- - . 

.8. St#rlifter: Patteri^ed f6r Performance , 12 minutes^ 
' * Color,. 1965. ' ^ ^ . '■• 

. . • > 

This film shows the testing and development program ■ 
for the C-141 to meet military specifications and icivil air 
regulations as well. « i 

9. Talk About Speed— Plus,- 13 mifiutes,. C^3lor, 1965. 

It is a gales film which pointy up ^the effectiveness 
of the C-'l40 as a multipurpose support aircraft. After 
emphasizing the necessity for speed— jet speed— bther factors 
such as ve'rsatility, safety, reli^ility, and econpmy are 
examined. ' y ' ■ 

2. Phase 11; ■ , . . 

a. " USAF ' . 

p. 191 FTA 503. /Basic Aircraft Control, 7 mina^es, p&W, 1961. 

b: "McDonnell douglas corporation 

Control- is. a Greek N^med Alpha, 20 minutes". Color, 1966. 

This film presents McDonnell Test Pilot Mr'. Jack Krings_, who 
discusses angle of attack from the pilot's point of view. 
It presents a sin^lif ied explanation of angle of attack and 
. its effect on control. . • 
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FAA 703 'HOW Airplanes Ely/ 18 minutes. 

. What makes an airplane get off -the ground and' stay aloft? " * 
' easy-to-xmder stand film which combines animation and live 
sequences to explain basic aerodynamics for general aviation 
pilots and l^i^h school science , students alike. Forces of 
lift/ weight, thrust, and drag are shown in relation to flight 

' , .d. SHELL FILM LIBRARY • 

1. Approaching the Speed 'of Sound, 21h minutes. Color 
-1958. . , ^ 

> This film provides an introduction to high spee4 
flight. It clearly describes and explains how sound travels 
through air and why the speed of sound 'affects high speed 
;a(ircraft. Specia^l photographic techniques give striking 
Views of shocl^ waves building up, ^ 

2. Bfeyond the Sp^ed of Sound, 19 minutes. Color, 
not dated. 

This filiri discusses^ the behavior of supersonic 'airfl^^Dw 



and shows how problems of 



Supersonic flight are being overcame 



through advanced design techniques and innovations such as , 
vertical tak^-off and movable wings. It is part of a sei?ie^ 
that includes:- ^^Approaching the Speed of Sound," and 
"Transonic Flight*" ' / 

3. Transonic Flight, 20 minutes, Colpr, 1959. / 

/ 

I This film gives an analysis of technical problems in 
the transonic range-^-those speeds at which' airflow around a 
pl^ne is part subsonic and part supersonic. It shows how 
designers have solved thd problems and made transonic flight 
smooth and safe. * - " M 

'3. Phase III: ^ • 

, . USAF ' ■ . ■ 

p. ^.3.59' a., TF 5688 RF-4C Familiarization, 14 minutes, 

Color, 1^66. 
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■^pi'261 b. SP5 1590. The F-lll,,lS minutes, ColQy, 1966. 
■-'^J .162 c. FR^82 B-52 Flaps Up Landing, 10 minutes. 

Color, 1968. x ' ■ 

f\. Phase IV: " ' ^ . 

a. USAF • ' 

p. 327 TF 1-536,4 An Introduction to Jet Engines, 13 minutes, 

Color, 1960. ^ , y 

^ b. MCDONNELL DOUGLAS CORPORATION ' * . 

TpWard the Unexplored, ^26 minutes. Color, 1967. ' \/ * 

The thrilling performance of the United States Navv's Blue « 
Angel Flight Demons tratipn Team is included, alon^with J 
highlights of the endlesp practice and preparation that 
♦.precede ^he appearance of the Blues at airports across the 
\ country. ^ f • « 

Ate A. 

•Piese^arch Project^ X-15v, 27 minutes ,^Cplor, 19^6. 

5. Phase 

a. USAF.. None. 

\ / . • 

b. FA^' 

' 1. FA-612 Path to Safety, 2CLminutes, Color, 1967. 

More accidents are caused by hum^n error than by any 
other factor. -Cliff Robertson stars in this film as a flight 
instructor briefing a class pf student p|lo^ on dramatic 
incidents o.ccurring as a result of misju^g^nt. 

2. FA-807 Plane Sense, 20 minutes,. Color, 1968. 
' ' ' . , . 

The buyer b(3ware, warns this film — especially firstr 
tipie purchasers of used aircraft. The movie offers, safety 
hints to the prospective pilot and airplane owner, outlines 
his responsibilities in maintaining the aircraft, and shows 
him how to keep abreast of jiertinent FAA regulations concerning 
the operation and maintenance of his plane. 
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c. 



LOCKHEED-GEORGIA COMPANY 



[ONTANA AERONAUTICS COMMISSION 



Wings- at Work, 28, minutes, Color, 1965. , ' 

Tells the story of one" of thejnost inspmng chapters of 
I^erican business-the story of business.ayiation, from its 
hirtS shortly after the Wright- brothers' historic flight, 
thrS^gh a cow-pa^?ure blling-wire infancy, to the achieve- 
ments of today's Gulfs?reams,' Sabreliners, Lear-^ets and ^ 

ftjontana and Its. Aircraft, 28 minutes. Color, I96f. 

/This is a lively presentaMon of aviation in Mpn/anai 
Airt.orVs; from t?e large all carriSj; Btops with thein/thWetou 
tets ! to thL small peaceful backwoSds -recreational strijis, are 
io^er^d showing tha? a man may flylquickly t6 any part of tl^e 
nation or spei^ a few days fishing Un- some, rem9.tf^, area. 
• (Montana Aeronautics Commission) . - ^ 

2. ,Montand "and the-Sky, 18 inuteg, /tolor, 1953. 

'It is about the people of • Montana and shows* how 
these, people make uge of -the airplane. It depicts the 
aitrplane as an important and frequently used tool in the ^ 
dev.elopment of a modern- frqntife. (Montana Aeronautics . , 

Cpnpission) / * . ' \ 




PJPER' AIRCRAFT CORPORAT^ION, 



1. 



Don't Tell My Wife, i9 mi!nCi|tes\^ Color, 1965 



Tells the story o^' a man arid hip wife who are both 
learning to fly without the knowledge of. the other. The 
pipe? cLrokee 235 and Cherokee .Si3 areUsed for the flights 
and. th$ film includes scenery, of mid-stjate New York. 
'•(Piper Aircraft Corporation) 



2. Flight of the Bluebird 



II, }26 minutes. Color, 



1968. 

It tells the story of a fl'ighi into adventure that 
any competent pi^ot can make in today's modern. aircraft. 
It is a story of the progress m genefral aviat^.on that maKes 
it possible for average peopl.j to experience the wonders of 
travel. .(Piper Aircraft Corporation) 
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31, The Sky is Yours, 2^h minutes Colgc, 1.96$. 

^nows the types of peopll \f rom all walks of lif e who 
fly Ifdr business or for pleasure! tio^ go farther, to sefe'more, 
* - 'tc have a more interesting pp. It aUso jshows .th^ planes 
f ly, ! the- equipment they usfe-Vnew, old,, lairge, smal^l, 
ive;^ inexpensive— frjom two7]^lace trainer^ and .utility 
fts to business jetsj that are larger, ,f aSto , ^nd ^raore ^ 
ive (thaii some alrlin|ers. ' " - ,' \. 



i 

ASE IV 
bSAF. 



\ 



None. 

THE" E^OEING COMPANY ' * ' 
1. l^ew Dimensions, 13;minutes, Color, not dated. 



J This filfn shows the first flightr of the huge Boeing 
jet airliner. VFlashbacks to the' early prograjf stages 
cin how the facilities and the •first airframes were. , 
1.ructed almost simultaneously. , \ ^ 

2. You and Me .and .the ^SST, J: 2Js ..minutes , Color, -hot 
, dated. ... 

'This fj-lm- tellT'o^^he financial impact of the United 
States Supersonic vTr^nspott, esftfecijiiiy ^e eff^cjt on balance 
of payments. National benefits" of .tjh^ program are explored, 
effects &f the Russian and Anglo-PreliclA S9T .^irciraf t are 
x.v..«d. The ^irst flight films of the ftoeing- 747 ^d the 
Conjorde SST. are included. (The availabiaity of this f ilj^ • , 
imited; also, this film can be obtained from FAA.) \ ; 



xlS 



c .1 FAA 



1. A Plane is Born,- 27 minutes, Color, 1960. 



Desci;ibes how FaA works with manufacturers in thef 
design, manufaqture, and certification of new aircraft. 
Featured are wind tunnel experiments, manufacturing processes 
and 'test' flights of the Douglas DC-9-and the Boeing 727. 
(f|aa) ' , 4^*. ' 

2. FAC-133, You and Me. and the SST, 13 minutes, • 
Color, 1969. . " " . . 



This country ''s first commercial supersonic transport 
(the SST) will be the largest and fastest commercial airplane 
tying during the next two decades. This film, produced by 
Vhd Bpeing Company and narrated by the noted commentator 
-Bo^Considj-n^, explains what the SST is^ how it is being 
developed through a goyernment/lndustry partnership, how 
the Vovernment • s investment will be repaid, the potential 
narkit and its affect on the balance of payments, and how 
i ha steT- */i 11 contribute to America's economic, social, and ^ 
nedhnological prosperity. The film also includes interesting, 
;:ilm clips of the Eur9pean and Russian , versions of the SST. 

3. FA- 811, Sohic Boom and You, 10 minutes. Color, 
1969. . / 

A sonic boom occurs when the speed of an aircraft 
exceeds the speed of sounAv This film jwas produced as ^.art 
of FAA's supersonic transport development program to describe 
the phenomenon of sonic boom and its c^use. 

7. Phase VII: 

FR 564 Hq SAC Commander-in-Chief: General John^ 
D. Ryan, 4 minutes, B&W, 1964. 

FR 643 Air Power in Actionr. Theiunited States 
Air Force in Vietnam, 13 minutes, Qolor, 1966. 

FR 881 SAC in the Western Pacific, 10 minutes. 
Color, 1967. . ^* 

FR 908 Strategic" Air Command Semiannual Report: 
August 1968-January 1969, 22 .minutes, golor, 1969 

FR 909 ■ Strategic Air Command Sejniannual Report: 
January 1969-January 1970, 20 minutes. Color, 
1970. . 

SFP 1049 Skywatch, 28r minutes, Color, 1960. 

SFP 1187 . TAC on Target, 14 minutes, Color, 1962. 

SFP 1243 Strategy For Peace, 28 minutes, B&W,^ . 
1965. » ' 
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p. 251 9. SFP 1390 Assignment TAC, 3? minutes', Color, 1965. 

p. 261 10'. SFP 15^7 Tactical Air Power, 20 minutes. Color,. 
1967» * 

p. 496 11. StP 1697 The B-52: • Vietnam, 38 minutes. Color, 

1969.- ^ ■ 

^ ■ / 

p. 500 ,12; SFP -2062 tifeline', 24 minutes. Color, 1969. 

p-. 193 13. FTA 567 Interdiction, llJj minutes, B&W, 1961. . 

p. 502 14. TF 6122 Tactical Air Employment, 24 ,mijnutes, 
color, 1969. 

* 

'b. GENERAL DYNAMICS 

The Versatile F-111, 10 minutes. Color, 1969. 

This is an up-to-date report on the the world *s\ 

first operational variable-sweep-wing airplane^ which is 
how in production in several versions for' the United Sratfes 
Air Force. and the Royal Australian Air Force. 

c. LOCKHEEt) GEOilGIA COMPANY 
Lifeline^ 25 minutes^ Color, 1968. 

This is a broad portrayal 6f the USAF Aerospace Rescue and 
Recovery Service role giround the world and the part played 
by the HC-130H Hercules. 

d. MCDONNELL DOUGLAS CORPORATION C 



The F-4, lAh minutes. Colors 1966. 

It shov^p Phantom II aircrews as they perform a ^ypic.al mission 
. of ttie Navy, Marines, and Air Force • Operational un^ts'^'^of 

the three services are featured and full sound effects are 
.employed to give the impression of actual presence at the 

scene. (McDonnell Douglas Corporation) \ u ' 

e. SIKORSKY AIRCRAFT \ 
No Man Expendable, llJj minutes. Color, not dated. 
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It tells the 6tory of the Aerospace Rescue and Recovery 
Service of the United States Air Force, from Cape .Kennedy 
^o Vietnam. It features the Sikorsky/US Air Fotce HH-3E 
Jolly Green -Giant helicopter. Sikorsky ,Aircraf^ or 
Association Films, Inc. 

8. Phase VIII: 

a. DSAF 

p. 165 1. FR 1010 Combat and Support Activities, SEA-May 

1958 - c-7A-0perations in South Vietnkm, 9 mirtutes, 
Color, 1968. 

P« 



K J \ . I 

278 2. TFl-3677 ' The Story of t^e Helicopter ,\21 minute's, 
B&W, 1944. I . I . 



p. 282 3. TFl-4129 The Sikorsky Helicopter, 25 minutes, 
B&W, 1944. 

p'. 309" 4. TFl'-5052 Shipboard Helicopter Operations - 

Landings and Take-Offs at Sea, Ih minutes, Color, 
1954. 

p. 315 5. TFl-5181 . Helicopter, Orientation - Introduction 
. to Rotary Wing Flight, 2,7 minutes, B&W, 1952. 

p. . 324 6. TFl-5333 Helicopter Rescue Operations, 34 minutes 
Color, 1959. ^ 

p. 504 7. -TF 6262 Air Force Helicopter UH-*1 Tactical 
•Operations, 20 minutes, Color, 1970. 

p. 504 8. TF 6279 C-7A Operations, 20 minutes, Color, 1969. 

p. 251 9. SFP 1385 Toward the. Unexplored,^ 26 minutes. 
Color, • 1967. 

b. FAA 

FA- 709 A Place to Land',^20 minutes, Cdlot, 1968. 

It demonstrates the ability of V/STOL aircraft and helicopter? 
to provide air access and logistic support to a metropolitan 
center-city area. in time of emergency. It contains scenes of 
aircraft taking off and landing oh streets, docks, and parks, 
demonstrating the unique characteristics of helicopters and 
the V/STOL aircraft. (FAA) 
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c. NASA 

Hq 168 Plight to Tomorrow, 28 minutes, Color, 1967* 

Illustrates various types of research on future aircraft 
by comparison with present day jet flight. It includes 
supersonic and hypersonic planeg, vertical take off ^d- 
landing craft, stability pf light aircraft, jet noise 
reduction and advances in aircraft safety. 

*d. SIKORSKY AIRCRAFT , ' 

1. Big, Tough axid Fast, 7 minutes, Col<]»r, not dated. 

, ^ Shows the I work-horse helijcopter perform:|ng so?ne of*^ 

the missions in Vietnam, and desoribes the grueling stateside 

tests that the, aircraft went throjugh to prove itself prior to 
its introduc/tion to combat.. 

2. , Copters in Combat, 12^ minutes. Color, not dated. 

It shows the Arny Sikorsky H-37 and H-34 helicopters 
in field exercises of the 4th Transportation Company at Fort 
Benning, Georgia. The helicopters, which do not have to use 
ro^ds and are not restricted by such surface obstacles as 
rivers, swamps, and ridges, reach the battle objectives in 
minutes rather than in hours. . \. ^ 

3. No Runway Needed, 12 minutes. Color, not dated. 

It shows how helicopters are operated in scheduled 
airline service o^er the crowded city streets and over the 
Roadless wastes ofs^rozen Greenland. The film describes 
these operations ana tells hqw the helic3f)ter is helping 
to.solve transportation problems of differing types. 

4. Flying Crane in Vietnam, 7 minutes. Color, not dated. 

This film compiled from combat footage, shows the 
Flying Cranes in' actioiK airlifting bulldozers, road., graders, 
artillery pieces, 'fuel cells, and supplies. The big copters 
are. also shown recovering other helicopters and airplanes 
whiph have been downed by mechanical trouble or eneit^ action. 
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5. Skycrane and Cc»k«inership, 7 minutes , Color, 
not dated. . 

Shows that Skycrane helicopters could shuttle cargo 
from containership anchored offshore direct to its destination 
or to a central distribution point.' Containerized loads up 
to ten tons caij be airlifted by these helicopters. 

6. Skycrane, 26 minutes. Color ^ not dated. 

f I 
It presents the Sikorsky S-64 Skycrane, the giant 
new aerial tool for indxistry. It shows It in action in the 
heavy ^ construction, petroleum, transmissjlon tower, and 
shipping inxaustfi.es in the United States and Soutti America. 
It also scans th|b future si^e and missions of the Skycrane 
with forecasts by Igor I. Sikorsky. 

7. Versatility Unlimited, 16 minutes. Color, not 
dated. 

It presents the Sikorsky S-61 helicopter, one of the 
most advanced of the turbine-powered helicopters... It shows 
its performance in military and commercial applications, 
which were filmed at Cape Kennedy, Gulf of Mexico, German 
Alps, Atlantic Ocean, New York World's Fair, San Francisco, 
and Great Britain. 




1-72 



